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3y way of review it may be said the knowledge that has come to us 
through the biochemic reactions which take place when horse-serum is 
injected into the body has compelled us materially to alter our concep- 
tion of the incubation period. Formerly we contented ourselves with the 
belief that the time which elapses after the pathogenic substance enters 
the body until the development of the first symptoms of the disease is the 
incubation period. By this we meant that the causal agent entered and 
grew in the body until it had reached a sufficient amount to bring about 
disease symptoms; in other words, that the invading army increased in 
size from day to day until it was able to overcome the natural resisting 
forces of the body. We now know that certain substances, such as horse- 
serum and egg albumin, when injected into the body require a certain 
length of time to elapse before any noticeable effects are seen or felt by 
the patient. 

In the early days of diphtheria antitoxin and of serum therapy in 
general, much inconvenience was experienced by individuals injected 
because of the occurrence of urticaria, joint swelling, edema, glandular 
enlargement, etc., in an appreciable percentage of the cases. It was 
soon found, however, that these manifestations were due to the horse- 
serum itself and in no way to the diphtheria antibodies it contained. It 
was further found that if the antibodies were carried in a smaller quan- 
tity of horse-serum these unpleesant symptoms did not occur with the 
same regularity. It was also observed that an indefinite time usually 
elapsed after the injection of the serum before the development of the 
symptoms. At first little attention was given to this and it remained for 
Arthus and particularly von Pirquet and Schick to see an explanation 
for it. 

Prior to the work of Arthus and von Pirquet and Schick, knowledge 
had accumulated concerning hypersusceptibility. It had been demon- 
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strated that foreign proteid substances (cells, blood-serum, milk, tenta- 
cles of actiniae, egg albumin’) injected into the body sensitized the 
organism (“disturbed Chemismus”’) to the proteid, and that after a cer- 
tain number of days had passed, the body for a period of time, some- 
times longer than others, was sensitized in such a way that should it ever 
receive a second injection certain definite and typical manifestations 
would show themselves. 

On June 16, 1903, Arthus communicated to the Societe de Biologie, 
Paris, the result of researches he had made on the effect of repeated 
injections of horse-serum in the rabbit (intraperitoneal, intravenous, 
subcutaneous). He observed in rabbits, which received repeated injec- 
tions of horse-serum on successive days, that after the third injection 
the resorption was accomplished only after several hours. After the 
fourth to the seventh injection definite marked phenomena occurred in 
the skin over the point of injection ; redness, swelling, edema, and finally 
necrosis with prolonged healing. He determined that these phenomena 
were not due to a local change in that particular area of the skin, but 
were dependent on two factors, namely, a primary injection, and a second 
injection preceded by a time interval during which a general reaction 
of the body had taken place, rendering it hypersusceptible or anaphylactic. 

Von Pirquet and Schick, working independently (June 25 and Novem- 
ber, 1903), from an entirely different viewpoint, that of clinical medi- 
cine, saw in the experience encountered with the use of diphtheria anti- 
toxin and Moser’s scarlet-fever serum, a typical anaphylactic reaction. 
Most of the symptom-complex of serum disease had been known to the 
earlier observers, but, as von Pirquet and Schick remark, “they arrived 
at no composite picture, because they did not recognize the [irregularity | 
of the incubation period which occurs between the injection and the 
appearance of the clinical symptoms.” Von Pirquet and Schick observed 
that when the cutaneous manifestations showed themselves early, within 


one to three days, they did so only in individuals who had at some pre- 


vious time received an injection of horse-serum. In the fall of 1902 von 
Pirquet made an observation which gave him the key to a new concep- 
tion of the incubation period. “A child had been injected with 10 c.c. 
Moser’s searlet-fever serum. After an incubation of seven days the serum 
symptoms appeared and lasted several weeks. After the disease symp- 
toms had entirely disappeared—fifty days after the first injection—the 
child, on account of a diphtheria case in the same room, was injected 
with 2 e.c. of antidiphtheria serum (a quantity which in a person 
injected for the first time never produces symptoms). Fifteen minutes 
later the boy began to cry and showed signs of vomiting. At the same 
time edema of the lower lip appeared and rapidly spread to the entire 


1. Metehnikof, Richet. 
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face. In a few hours there was generalized urticaria. Therefore, after 
the first injection the incubation was seven days, after the second injec- 
tion the reaction followed at once.” To this condition von Pirquet and 
Schick gave the name serum disease, the symptoms of which are as 
typical as those of the exanthematous diseases. The question very soon 
naturally arose, Why does not every person who receives an injection of 
horse-serum show the symptoms of the disease? The answer to this 
question was to be found in the early experience with diphtheria anti- 
toxin; that is, it is in the first instance a quantitative affair. A very 
large dose produces symptoms, a small one does not. However, a still 
further observation is frequently made. In one person a large dose may 
cause Visible symptoms, while in another person of equal weight and of 
apparently the same constitution the same dose brings about no visible 
signs. ‘The reason for this has been explained on the ground of individ- 
ual susceptibility. Animal experimentation tends to show that the pro- 
duction of a marked degree of sensitization and the production of 
cutaneous manifestations are entirely separate phenomena. It is now 
well known? that complete anaphylactic shock (death) is more likely 
to follow reinjection after a small sensitizing injection of horse-serum, 
0.1 to 0.00001, than after a large one, 10, 20 or 30 ec. Such a compara- 
tively small dose of horse-serum does not bring about an exanthem in 
man, but it does produce a specific change in the organism. Rosenau 
and Anderson believed this experience in animal experiments was due 
to an acquired immunity induced by the large amount of horse-serum 
injected. On the other hand, the somewhat more extended observations 
of Gay and Southard seem to show that the large initial dose, or the oft- 
repeated injections of moderate sized doses (2 to 5 e.c.), which in the 
aggregate total a large dose, give rise to a period of insusceptibility 
rather than to an immunity. For example, when they allowed a so-called 
incubation period of several weeks (thirty-eight to eighty-two days) to 
elapse, in guinea-pigs, after such initial doses, they found that instead 
of acting refractory they became characteristically sensitive, “the degree 
of sensitivity varying directly with the time elapsed” since the primary 
injection.* A further observation bearing on this point is the suggestion 
of Hamburger and Moro that the precipitins bear a certain relation to 
the exanthem. They were unable to demonstrate precipitins in patients 


2. Arthus 1903, Otto 1906, Rosenau and Anderson 1906. 

3. Besredka and Steinhardt applied the term anti-anaphylaxis to this phe- 
nomenon. Anderson and Rosenau in a later communication state that guinea- 
pigs sensitized with 0.01, 0.1, 1, and 8 ¢.c., respectively, showed no appreciable dif- 
ference in the length of the incubation period. These animals were tested for 
oversensitiveness by intracerebral injection of horse serum (as first practiced by 
Besredka and Steinhardt). Gay and Southard in a paper published at the same 
time reaffirm their previous statement that the larger single dose or the oft- 
repeated dose of horse serum induces a longer incubation period. 
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who had received only small doses of horse-serum, but demonstrated them 
with ease fourteen days after doses of from 10 to 20 c.c. We are able 
now, however, to show that while all patients do not exhibit signs of the 
disease up to the so-called threshold of cutaneous manifestation, their 
organism has undergone certain typical changes which can be demon- 
strated by biochemic reactions. 

In 1903 Hamburger and Moro demonstrated precipitins for horse- 
serum in patients injected with large doses of horse-serum (Moser’s 
scarlet fever serum), and the patients so injected showed a much more 
markedly positive reaction than those who had been injected with diph- 
theria antitoxin. The reason for this was that in the latter instance the 
amount of serum was small, while in the former a large amount, 10 
to 20 e.c., of serum was used. They explain this phenomenon on the 
hypothesis that a larger amount of serum brings about a greater irrita- 
tion of the cells, thus intensifying the reaction of the organism. Ham- 
burger and Moro made the observation, referred to later, that the pre- 
cipitins were demonstrable in the blood of injected children after the 
exanthem and not before, and propounded the much-quoted* theory, 
which they, however, abandoned in the same communication, namely, 
that the sudden appearance of antibodies and precipitins which enter 
the blood after a certain period of latency produce a binding of the 
precipitins to the biologically active groups of atoms of the free-coursing 
horse-serum. ‘The precipitates thus formed produce through thrombo- 
sis of the capillaries circulatory disturbances which present themselves to 
the observer as exanthems. ‘The researches of Rostoski, Michaelis and 
Openheimer, referred to by these writers, had definitely shown that 
while such precipitation occurs in the test-tube when precipitable sub- 
stance and precipitin are brought together, they do not so react within 
the living body. Hence, as Hamburger and Moro remark, this theory® 
had to be abandoned, a fact which many subsequent writers fail to rec- 
ognize. 

The idea that the precipitins entered the circulation suddenly after a 
certain period of latency, however, clung and was adhered to by Ham- 
burger, von Pirquet and their coworkers for a long time. Much experi- 

4. Friedburger: Kritik der Theorien iiber die Anaphylaxie, Ztschr. f. 
Immunitiitsf., 1909, ii, part 2, p. 212. 

5. This theory calls to mind the work of Landois, who in 1875 demonstrated 
hemolysis of red blood corpuscles in vitro and in vivo, and who later showed that 
before the corpuscles are dissolved they are first egglutinated into clumps and thus 
may block large capillary areas (agglutination thrombi). After this, in the 
extraction of the hemoglobin by the hemolytic process, a further blocking of the 
capillaries is induced by the action of the hemoglobin on the leukocytes, setting 
the fibrin ferment free. Landois: Lehrb. d. Physiol. des Menschen, 1896; Die 
Transfusion des Blutes, Leipzig, 1875. Uhlenhuth: Ztsehr. f. Hyg., 1897, xxvi, 
384. Cited by Rosenau and Anderson. 
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mental work has centered around this point. Hamburger and Moro had 
determined the presence of precipitins for horse-serum in the blood of 
two children who had received 20 c¢.c. of Moser’s scarlet-fever serum. 
In one, blood taken on the third day was negative, on the fourth day a 
general reaction occurred, exanthem and fever, two days later. Sixteen 
days after the injection the blood showed a strong reaction for precipi- 
tins. In another set of experiments three children were injected with 
20, 10 and 20 c¢.c. horse serum, respectively. In the first precipitins 
appeared on the twenty-seventh day and continued until the thirty- 
first; in the second they appeared on the fifteenth day and continued 
until the twenty-ninth ; and in the third they appeared on the thirteenth 
day and continued until the twenty-seventh.® In all cases the exanthem 
appeared in advance of the demonstration of precipitins (two to fifteen 
days). From such observations one could hardly fail to see an intimate 
connection between the phenomena which bring about exanthem and pre- 
cipitin formation. It now remained to study more closely all these 
phenomena and perfect more accurate methods for determining the 
presence of these bodies in the blood-stream. 

The following questions naturally arise: What happens to the horse- 
serum when it enters the body? Is it immediately split up or does it 
remain as such for a more or less definite time? Do precipitins and pre- 
cipitable substance exist side by side, and if so, for how long? Is it pos- 
sible that the precipitins appear much earlier, before the exanthem ? 

The following observations may be cited in answer to the first ques- 
tion: Hamburger and Moro were acquainted with Ascoli’s observation 
that injected egg albumin exists in the blood-stream for some time after 
injection, and Hamburger had demonstrated its presence four days 
after injection. With the same anti-horse-serum method Hamburger 
and Moro were able to demonstrate the presence of horse-serum in the 
blood-stream as late as thirty-one days after injection and to make the 
further observation that it (the precipitable substance) remains in most 
cases for only a short time after precipitins are found (in the first case 
four days, second five days, third two days). In animals injected with 
correspondingly large doses the precipitable substance was not demon- 
strated later than the sixth day and precipitins did not appear until the 
fifth to the eighth day.?. They were not demonstrable after the tenth 
day. Hence in answer to our last question it will be seen that in both 


animals and children the precipitable substance and the precipitin exist 


6. These facts seem to have been overlooked by Rosenau and Anderson, hence 
some of their conclusions are incorrect. 

7. Rosenau and Anderson failed to demonstrate precipitins in guinea-pigs after 
@ single initial dose of horse serum because their animals had been treated thirty- 
five days previously; accordingly the precipitin stage had come and gone; and 
because the initial dose of serum was very small. 
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side by side for a long time in the case of a child, for a very short period 
in the case of the rabbit. 








Hamburger and von Pirquet (cited by von Pirquet and Schick, 
November, 1903) tested the serum of treated rabbits daily for precipitin 
formation. The precipitin never appeared earlier than the seventh day 
nor later than the tenth day after injection. They then waited for one 







or two months and repeated the injection. The new-formed precipitin 
now appeared earlier, between the fourth and fifth day. These findings 
von Pirquet and Schick attempt to explain in the following way: “The 











foreign serum does not act directly on the organism. The disease shows 





itself only when a change of the pathogenic substance has been effected, 
through the reaction product of the organism affected, and has reached 
a certain degree.” They believe that the organism previously treated and 














injected a second time responds more quickly because the reaction prod- 





ucts are still present in sufficient quantity (in which case we may assume 





an immediate reaction will take place) or the organism is able to produce 





reaction products more quickly than after a primary injection of serum. 





T’o this they apply the term “hastened reaction power.” 








Von Pirquet and Schick saw an analogy between the cutaneous 





phenomena following reinjection of horse-serum and the tuberculin 





reaction. In addition to a so-called shortened incubation period there is 








produced an oversensitiveness. They state that this oversensitiveness 








“begins in the third week after the first injection, therefore, at about the 
time of the appearance of the precipitin.” They tested patients injected 








with horse-serum very frequently from the day following injection until 





the symptoms disappeared, and their experience was the same as that of 





Hamburger and Moro; that is, the precipitins were never demonstrated 





before the exanthem, but always several days later, and in some instances 





continued into the ninth week. The earliest positive precipitin reactions 





in eight cases examined were obtained during the third week (three 





eases, Nos. 2, 5,6). These observations threw no new light on the ques- 





tion of the relationship of precipitin formation to exanthems. Von 





Pirquet and Schick, while unable to detect any direct relationship 





between precipitins and exanthems, nevertheless admit a possible connec- 





tion between the two. 





Dehne and Hamburger, from a series of precipitin experiments, 





came to the conclusion (1907) that the symptoms of serum sickness are 





accompanied by a temporary diminution of the precipitable substance. 
The precipitins which have been formed (first formed) are immediately 






bound to the precipitable substance. From this work Hamburger and 





Pollak draw the conclusion that the diminution of the vrecipitable sub- 





stance is only the consequence of the precipitin formation which has 






taken place, that is, the precipitins which are formed are immediately 
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bound by the precipitable substance, and for this reason it is impossible 
to demonstrate their presence directly until they have been formed in 
abundance. They therefore argue that because they were unable to 
detect precipitins until several days had elapsed, it does not prove that 
they are not there and that they have no causal relation to serum sick- 
ness as has been assumed by von Pirquet and Schick. On the contrary, 
they remark “the very coincidence in time of the demonstration of the 
precipitable substance and the occurrence of serum sickness symptoms 
speaks for a causal réle for the precipitins, or the antibodies formed 
simultaneously with them.” On this reasoning Hamburger and Pollak 
assumed that in all probability, if precipitin formation could be demon- 
strated as early as the fourth or fifth day (Dehne and Hamburger), 
and if together with this there was a diminution of the precipitable sub- 
stance, the specific sensitiveness to horse-serum should become demon- 
strable much earlier than the appearance of the symptoms of serum 
sickness proper. They introduced the intracutaneous test to determine 
if this was so. It will be recalled that von Pirquet and Schick drew 
attention to the time relationship of the appearance of precipitins and 
the symptoms of oversensitiveness. Thus far evidence tends to show, in 
answer to our last question, that the precipitins appear in advance of the 
exanthem. 

By use of intradermal injections Hamburger and Pollak were able to 
demonstrate that specific oversensitiveness is present as a rule on the fifth 
or sixth day after a primary injection of horse-serum, and that it 
increases in intensity up to the fourteenth day, when the highest degree 
of reaction is attained—specific edema. Arthus had previously made 
parallel observations on rabbits. These were apparently unknown to 
Hamburger and Pollak. To this highest degree of reaction von Pirquet 
and Schick gave the term specific edema. In work of this character the 
importance of ruling out coreactions, for example, those which occur 
after a second dose of tuberculin, must be borne in mind. 

Not all children who are treated with horse-serum react to the intra- 
dermal test. Out of fifty children treated by Hamburger and Pollak, one 
was found to be refractory. Even after repeated injections of horse- 
serum over a period of twelve days, no reaction was obtained. These 
observations seem to show quite conclusively that the oversensitiveness 
increases gradually. In some cases they were able to obtain a slight reaction 
on the second day, and successive reactions increasing in intensity until 
the sixth day. Hamburger and Pollak concluded from these experiments 
that the degree of specific serum oversensitiveness increases relatively, 
and that during this time clinical signs may or may not be present. They 
suggest that the increase of oversensitiveness probably depends on the 
increase in antibodies (precipitins). In some cases the oversensitiveness 
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was so marked that serum diluted 1 to 1,000 gave a reaction. They assume 
that during the clinical incubation period antibodies have been present in 
the blood for a long time, but their number has not been sufficient to 
produce clinical symptoms, and that the antibodies increase in geomet- 
rical rather than in arithmetical progression. 


AUTHOR’S EXPERIMENTS 
Series I. 
Successive Intradermal Injections following 
Prophylactic Injections of Diphtheria Antitoxin. 


The object of these experiments was to determine in as many cases as 
possible the time at which specific oversensitiveness to horse-serum could 
first be demonstrated; in other words, the time that elapses from the 
first injection of horse-serum until antibodies are demonstrable by the 
intracutaneous test. 


Method—Small intradermal injections of 0.5 emm. (%em.') diphtheria 
antitoxin or normal horse serum were made at frequent intervals following the 
primary injection of antitoxin. A fine sharp polished hypodermic needle attached 
toa 1 «e. glass syringe graduated in hundredths was used for the injections, The 
bulk of fluid injected was, within narrow limits, always the same. The serum 
was not diluted. This assured a response if oversensitiveness had been reached 
to the point of showing a visible change in the skin. Control tests with sterile 
water, salt solution, and dry sterile meedle done many times, enabled me to deter- 
mine quite closely the difference between a traumatic and a specific reaction. The 
injections, as the term denotes, were made into and not beneath the skin; as close 
to the surface as possible. A proper injection shows a whitish circular eleva- 
tion from 5 to 7 mm. in diameter by 1 mm. in height with a miliary dimpled top 
showing that the subepidermoidal tissue is infiltrated with the serum. 

The point of inoculation in the interscapular space (back), together with the 
sites of intradermal injection, was observed day by day. It gave knowledge as to 
whether oversensitiveness showed itself during the first twenty-four hours after 
injection as well as knowledge of a peculiarity not present in all cases — that of 
a marked cutaneous reaction in its vicinity which occurs after oversensitiveness 
is reached. 

The intradermal method is more reliable for this work than the seratch, or the 
boring method of v. Pirquet. We are always assured that a definite amount is 
given to and retained by the skin. {A word of caution: this method must not 
be employed in making the cutaneous tuberculin test. The absorption is too 
great and the dilutions usually made carry large doses of tuberculin. Even the 
normal body may react with marked and painful symptoms.) 

Intradermal injections of horse serum made for the first time bring about 
no visible reaction in the skin until the “clinical incubation period” is passed. 


EXPERIMENTS 





Case 1.—Dean §S., aged 6 months. May 23, 1912, received 1,000 units diph- 
theria, antitoxin in interscapular space. 
Day I—May 24. First intradermal in left arm 0.5 em.’ 
Day 2—May 25. Arm and back negative. 
Day 3—May 26. Arm and back neg. Second intradermal in left arm 0.5 em.’ 
Day 4—May 27. Arm and back neg. Third intradermal in left arm 0.5 em.° 
Day 5—May 28. Arm and back negative. 
Day 6—May 29. Arm and back neg. Fourth intradermal in left arm 0.5 em. 
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Day 7—May . 1, 2, 3 and back negative; 4, red area 5 em. in diameter. 
Day 8—May . 1, 2, 3 and back negative; 4 fading. 
Day %9—June . All negative. Fifth intradermal in right arm. 
Day 10—June 2. 1, 2, 3 and 4 negative; 5 red area 6 by 4 cm. 
Day 1l—June 3. Fifth, fading. 
CASE 2.—John C., aged 6 months. Congenital lues. May 23 was given 100 
units diphtheria antitoxin for the first time in the interscapular space. 
Day 1—May 24. First intradermal in arm 0.5 em. 
Day 2—May 25. Arm and back negative. 
Day 3—May 26. Arm and back negative. Second intradermal 0.5 em. 
Day 4—May 27. Arm and back negative. Third intradermal 0.5 em.* 
Day 5—May 28. 1, 2 and back negative; 3 hyperemic 5 mm, diam., trauma. 
Day 6—May 29. 1, 2 3 and back negative; 4 intradermal 0.5 cm.* 
Day 7—May 30. Arm and back negative. 
Day 8—May 383i. Arm and back negative. 
Day %—June . Arm and back negative; 5 intradermal 0.5 em.® 
Day 10—June 2. Arm and back negative. 
Day 11—June . Arm and back negative. 
Day 40—July Sixth intradermal. 
Day 41—July 14. Distinct characteristic pink reaction 7 mm. in diameter. 
Day 42—July 15. Negative. 
Case 3.—Zena B., aged 8 months. Orthopedic case. May 23 received 100 
units diphtheria antitoxin in interscapular space for the first time. 
Day 1—May 24. First intradermal 0.5 em.* in arm. 
Day 2—May 25. Arm and back negative. 
Day 3—May 26. Arm and back negative. Second intradermal 0.5 em.* in arm. 
Day 4—May 27. Arm and back negative; 3 intradermal 0.5 em.* in arm. 
Day 5—May 28. 1, 2 and back negative; 3 faint hyperemia. 
Day 6—May 29. 1, 2 and back negative; 3 faint as before; 4 intradermal 
0.5 em. in thigh. 
Day 7—May 30. 1, 2. 3 and back negative; 4 red area on thigh 1 em, in diam. 
Day 8 May 31. 1, 2, 3 and back negative; 4 erythema 1.5 em. in diameter. 
Day 9—June 1. All negative; 5 intradermal 0.5 em. serum in thigh. 
Day 10—June 2. 1, 2, 3. 4 and back negative; 5 on thigh very red area 1 em. 
in diameter. 
Day 11—June 3. All negative. 
CAsE 4.—Katherine J., aged 91% months. May 23 was given 1,000 units of 
diphtheria antitoxin in the interscapular space for the first time. 
Day 1—May 24. First intradermal injection 0.5 cm. serum, left arm. 
Day 2—May 25. Arm and back negative. 
Day 8—May 26. Arm and back negative; 2 intradermal 0.5 em.’, left arm. 
Day 4—May 27. Arm and back negative; 3 intradermal 0.5 em.*, left: arm. 
Day 5—May 28. 1, 2 and back negative; 3 shows characteristic hyperemia 
em. in diameter. 
Day 6—May . 1, 2 and back negative; 3 fading; 4 intradermal given 
0.5 em.* right arm, 
Day 7—May 30. 1, 2, 3 and back negative; 4 shows a red area 1 em. in diam. 
Day 8—May 31. 1. 2, 3 negative; 4 fading. 
Day 9—June 1. Fifth intradermal 0.5 em.’, right thigh. All negative. 
Day 10—June 2. 1, 2, 3. 4 neg.; 5, 2 by 1 em. hyperemia. 
Day 11—June 3. All negative. 
CASE 5.—Melville W., aged 1144 years. May 23 was given 1,000 units of diph- 
theria antitoxin in the intersecapular space. 
Day 1—May 24. First intradermal on arm 0.5 em? 
Day 2—May 25. Arm and back negative. 
Day 3—May 26. Arm and back negative; 2 intradermal in arm 0.5 em.* 
Day 4—May 27. Arm and back negative; 3 intradermal in arm 0.5 em.* 
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Day 5—May 28. 1, 2, arm and back negative; 3 red indurated area 0.5 em. 
n diam.; looks like trauma. 

3 and back negative; 4 intradermal in arm 0.5 em’ 
3, 4 and back negative. 
. 3, 4 and back negative. 

3, 4 and back neg.; 5 intradermal in thigh 0.5 em? 
2, 3, 4 and back negative; 5 on thigh faintly positive. 
June 3, all negative. 


Day 6—May 29. 1 
Day 7—May 30. 1 
Day 8—May 31. l, 
] 
] 


2 

i 

9 

4 9 
2 

9 


Day 9—June 1. 
Day 10—June 2. 


CASE 6.—Noel B., aged 3144 years. Chronic meningitis. May 23, 1912, was 
given 1,000 units of diphtheria antitoxin in the interscapular space. May 24 
intradermal injection of 0.5 em.* serum was given in arm. 

Day 1—May 25. No reaction in arm or back. 

Day 2—May 26. A second intradermal injection of 0.5 em. below the first. 

Day 38—May 27. No reaction occurred. A third intradermal 0.5 em. given. 

Day 4—May 28. No reaction at site of first intradermal or back. Question- 
able reaction at site of second intradermal. Area 1 em. 
in diameter; hyperemia at site of third intradermal. 

Day 5—May 29. Back negative. Fourth intradermal given. Site of first 
intradermal negative. Site of second intradermal a pink 
area of hyperemia 2.5 em. in diameter with a yellowish 
center. No induration. Site of third intradermal deeper 
red hyperemia 2.5 em. in diam. 

Day 6—May 30. First intradermal and back negative. Second intradermal 
bright red hyperemia 2.5 by 5 em. in diam. Third intra- 
dermal negative. Fourth intradermal deep red area 
0.5 em. in diam. 

Day 7—May 31. Back negative. First intradermal negative. Second intra- 
dermal red area 4 by 3.5 em. in diam. Third and fourth 

fused, forming a red indurated area 6 by 7.5 em. 

Day S—June 1. Back negative; 1 and 2 negative; 3 and 4 same size as yester- 
day, but fading. <A fifth intradermal of 0.5 em. given 
in thigh. 

1, 2, 3 and 4 all faint, probably from fusing of 3 and 4 
(all in arm); 5 on thigh 3.5 by 3.5 em. area of bright red. 

Day 10—June 3. All negative. 

CASE 7.—FEarl! S., aged 4 years. Orthopedic. May 22, 1912, was given 1,000 
units of diphtheria antitoxin in the interscapular space for the first time. 

Day 3—May 25. First intradermal 0.5 cem.* serum in arm. 


to 


Day 9—June 


Day 4—May 26. Arm and back negative; 2 intradermal 0.5 em.* in arm. 

Day 5—May 27. All negative. 

Day 6—May 28. 1, 2 and back negative. Third intradermal 0.5 em. in arm. 

Day 7—May 29. 1, 2, 3 and back negative; 4 intradermal 0.5 em.* in arm. 

Day 8—May 30. 1, 2. 3 and back negative; 4 questionable area 5 em. in diam. 

Day 9—May 31. All negative. 

Day 10—June_ 1. All negative. Fifth intradermal. 

Day 11—June 2. 1 and back negative; 2, 3 and 4 show characteristic red 
areas; 5 shows a red slightly indurated area on the 
thigh 2 by 3 em. 

Day 12—June 3. All very positive with slight itching; no induration; 
5, 4 by 4 em. 

Day 13—June 4. All on arm very marked. Urticaria on right leg and left 
face. Fifth on thigh fading. 

Case 8.—Clifford H., aged 4 years. Tuberculous knee, Had 1,000 units anti- 
toxin ten weeks ago. May 28, 1912, given a second dose of 1,000 units in inter- 
scapular space. 

Day 1—May 24. First intradermal in left arm 0.5 em. 
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2—May 25. Arm shows beginning diffuse redness 1 cm. in diameter. 
Back shows a similar area around point of injection. 
3—May . Redness on arm and back fading; 2 intradermal in arm 
0.5 em.® 
and back negative; 2 positive red area, not measured; 
3 intradermal in arm 0.5 cm.* 
and back negative; 2 very red area 5.5 em. in diameter 
with yellowish center 1 cm. in diameter, but irregular. 
Area about 4 cm. in diameter, irregular central portion, 
yellowish wheal, periphery bright red hyperemia with 
irregular border. 





Fig. 1—Clifford H. Case 8. Showing the reappearance of a reaction at the 
site of the first intradermal injection (1). On the previous day this area was 
entirely negative, while two and three were positive; three had been made twenty- 
four hours previously, but had induced no reaction at one until after forty-eight 
hours, at which time the picture was taken. See text page 262. 


Day 6—May 29. Back negative; 1, 3.5 em. in diameter, mottled rose red area; 
2, 4 em. in diameter, fairly uniform redness, with yellow 
center about 0.5 em.; 3, 4 em. in diameter, pale center 
about 5 em. in diameter, with a rich bright rose per- 
iphery; 4, intradermal in arm 0.5 em. 
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8—May 
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10—June 





11—June 
40—July 
41—July 
42—July 





146—Nov. 
147—Nov. 2 


148—Nov. 
149—Nov. 


151—Dee. 


152—Dee. 


153—Dee. 
156—Dee. 
158—Dee. 
159—Dee. 
285-—Apr. 
286—Apr. 


287—Apr. 


CASE 9.—Ha 


23 in the 
I—May 
2—May 
3—May 





4—May 
5—May 
6—May 
7—May 


8—May 
9— June 


AMERICAN 


30. 


31. 


29. 


30. 


17. 


rold S., aged 5 years. Was given 1,000 units diphtheria antitoxin 
interscapular space. First antitoxin. 


24 
25. 
26. 
” 


28. 


29. 


Back negative; 1, 4 by 5 em. in diameter; mottled; 


Back negative; 1, 5.5 by 5 em., fading, but markedly mottled ; 


All about the same size, but all are fading; 5 intradermal 


All positive, brighter than yesterday; 4 and 5 fused, form- 


All on left arm negative; right arm erythema 6 by 6 em. 


6 


Both show an inner area 7 by 12 mm., irregular red and 


All negative. 
Intradermal 0.5 em.* in right arm. 
Mottled area 9 by 5 mm., faint pink becoming marked rose 


Area 10 by 3 mm., distinctly mottled rose red. 
Area fading, almost invisible. 
There is an erythematous mottling 10 by 5 mm., and marked 


The arm is entirely negative. Redness not excited by gentle 


Negative. 

Arm negative; 8 intradermal, 0.5 em in left arm. 

There is a fading area 4 mm. in diameter. 

Greenish discoloration 4 em. in diameter, 

9 intradermal. 

Very marked reaction, swelling and erythema over entire 


Erythema continues with several large urticarial wheals. 
First intradermal in arm 0.5 em. 

Arm and back negative. 

Arm and back negative. Second intradermal in arm 0.5 em? 


1 and 2 show distinct redness. Back negative. Third intra- 


1 negative; 2 very red hyperemic area, 7 mm. in diameter, 


Back negative; 4 intradermal left thigh 0.5 em.*; 1 negative; 


. 2. 3 and back negative; 4, 2 em. in diameter, uniform red. 
2, 3 and 4 negative; 5 intradermal 0.5 em.* 
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2, 5 by 5 em. in diameter, fine pink mottling; 3, 5 by 
4.5 cm., fine pink mottling; 4, 5.5 by 4.5 em. in diameter, 
deeper red, particularly around the periphery, with slight 
induration. 


2, 5.0 by 4.5 em., marked redness; 3, 5.5 by 5 em., very 
marked red mottling; 4, 4.0 by 6 em., uniform redness, 
no induration. 


0.5 em.* in thigh and other arm. 


ing a red area 6 by 9 cm., with urticaria lesions above; 
5 on right arm positive. 


See Fig. 1. 
intradermal at two points, about 1.5 em. apart. 


an outside diffuse fusing area 50 by 65 mm. 


red on gentle rubbing. There are a few elevated points, 
but no distinct urticaria; induration. Back negative. 


itching this morning. There is one marked wheal but 
no general induration of the area. 


rubbing. 


flexor surface of forearm. 


dermal 0.5 em.’ 


yellow center; 3 similar area 5 em. in diam.; wheal-like 
center. 


2 almost invisible area 2.5 em. in diameter; 3 almost 
invisible area 1.25 em. in diameter. 

2, 3 and back negative; 4, slightly indurated red area 
on left thigh 1 em, in diameter. 
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Day 10—June 2. 1, 2, 3, 4 and back negative; 5 shows hyperemic araa 6 by 5 
em.; no induration. 

Day 11—June_ 3. 1, 2, 3, 4 and 5 negative. 

CAsE 10.—Joe K., aged 5 years. May 23 was given 1,000 units of diphtheria 
antitoxin in the interscapular space. First antitoxin. 

Day 1—May 24. First intradermal in left arm 0.5 em.*? serum. 

Day 2—May 25. Arm and back negative. 

Day 3—May 26. Arm and back negative; 2 intradermal 0.5 cm.* 

Day 4—May 27. Arm and back negative; 3 intradermal 0.5 em. 

Day 5—May 28. 1, 2, 3 and back negative. 

Day 6—May 29. 1, 2, 3 and back negative; 4 intradermal 0.5 em’ 

Day 7—May 30. Back negative; 1 faint reaction, 1 em. in diameter; 2 bright 
red area, 2.5 by 3.5 em.; 3 bright red area, 2.5 by 
2.5 em.; 4 indurated, itching red area 2 by 4.5 em. 

Day S8—May Back negative; 1, 2.5 by 3 em., fading red area, yellow 
center; 2 area fading, 3 by 3 em.; 3 almost entirely 
faded; 4 red, slightly indurated area, 5 by 4 em. 

Day 9—June 1. Back negative; 1, 2, 3 and 4 negative; 5 intradermal 
0.5 em.* in thigh. 

Day 10—June 2. Back negative; 1, 2, 3 and 4 negative; 5 faint red area, 
3 by 4 em. in diameter, on thigh. 

Day 11—June_ 3. 1, 2, 3, 4, 5 and back negative. 

CASE 11.—Ruth F., aged 5 years. May 23 was given 1,000 units of diphtheria 
antitoxin for the first time in the intersecapular space. 

Day 1—May 24. First intradermal injection 0.5 em. serum. 

Day 2—May 25. Arm and back negative. 

Day 3—May 26. Arm and back negative; 2 intradermal 0.5 em. 

Day 4—May 27. Arm and back negative; 3 intradermal 0.5 cm.* 

Day 5—May 28. 1, 2 and back negative; 3 shows characteristic hyperemia 
0.5 cm. in diameter. 

Day 6—May 29. 1 and back negative; 4 intradermal 0.5 em.’; 2 fusing with 3; 
3 shows hyperemia 1 ecm. in diameter. 

Day 7—-May 30. 1, 2, 3 and back negative; 4 red area 1.5 em. in diameter. 

Day 8—May 31. 1, 2, 3 and back negative; 4 still very positive, 2.5 em. in 
diameter, but fading. Patient left hospital. 

Case 12.—Lulu Q., aged 6 years. Diphtheria. May 23 was given 1,000 units 
of diphtheria antitoxin for the first time. 

Day 1—May 24. First intradermal injection 0.5 ¢.c. in arm. 

Day 2—May 25. Arm and back negative. 

Day 3—May 26. Arm and back negative; 2 intradermal 0.5 em. 

Day 4—May 27. Arm and back negative; 3 intradermal 0.5 em.* 

Day 5—May 28. Arm and back negative. 

Day 6—May 29. Arm and back negative; 4 intradermal 0.5 em. 

Day 7—May 30. 1, 2 and back negative; 3 shows a pink mottled area 2.5 em. 
in diameter; 4 similar pink area fusing with 3 began 
to appear last evening; 3 did not get red until this 
morning. 

Day 8—May 1, 2, 3, 4 and back negative. 

Day 9—June 1. 1, 2, 3, 4 and back negative; 5 intradermal injection, 0.5 em. 

Day 10—June 2. All negative. 

Day 11—June . All negative. 

CasE 13.—Louise O., aged 6 years. Fracture case. May 23 was given 1,000 
units of diphtheria antitoxin for the first time. 

Day 1—May 24. First intradermal 0.5 em.* in arm, 

Day 2—May 25. Arm and back negative. 
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CASE 15.—Agnes B., aged 9 years. 


AMERICAN 


3—May 
4—May 


5—May 


6—May 
7—May 


8—May 
9—June 
10—June 
11—.J une 
12—July 
13—July 
14—July 


149—Nov. 
150—Nov. 


151—Nov. 
/. ou 


152—Nov 


154—Dee. 

Dee. 
CASE 14.—James H., aged 7 years. 

antitoxin in the interseapular space. 


155 


1—Mavy 
2—May 
3—May 
4—May 
5—May 
6—May 
7—May 


8—May 
9—June 
June 


10 


11—.J une 
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Arm and back negative; 2 intradermal in arm, 0.5 em.° 

1, 2 and back negative; 3 intradermal in arm. 

1, 2 and back negative; 3 hyperemia 0.5 em. in diameter 
(traumatism); 4 intradermal in arm; 0.5 e.e. 

1, 2, 3 and 4 negative. 

1, 2, 3 and 4 negative. 
diameter at site of injection. 
(Serum sickness. ) 

1, 2, 3, 4 and back negative. 

One and back negative; 2, 3 and 4 positive; 5 intradermal. 

All negative. 

All negative. 

Sixth intradermal. 

Negative. 

Negative. 

Sixth intradermal 2 em* diphtheria antitoxin. 

There is a mottled area 10 by 5 mm. made up of red blotches. 
There are no elevated spots. The red area is increased 
in intensity by gently rubbing. 

The point of injection is negative. 

The point of injection is negative. 

2. The point of injection is negative. Not excited by rubbing. 

3. ‘The point of injection is negative. Not excited by rubbing. 

May 23 was given 1,000 units diphtheria 

First antitoxin. 

First intradermal in arm 0.5 em. 

Arm and back negative. 

Arm and back negative; 

2 and back negative; 
3 and back negative. 

2, 3 and back negative; 4 intradermal 0.5 em.’ 

faint mottling around point of injection, back negative; 

2, 3 negative; 4 pink, slightly indurated area 2.5 em. 

in diameter. 

and back negative; 3 fading, almost invisible; 4 area 
by 4 em., fading. 
, 2, 3 and back negative; 4 fading; 5 intradermal 0.5 cm.® 
in thigh. 
2, 3. 4 and back negative; 5, 2.6 em. in diameter, red 
hyperemic area. 
3. All negative. 


Or 


mt 


Back shows an area em. in 
Erythema over both knees. 


13. 
14, 
15. 
27. 


28. 


29. Not excited by rubbing. 


Not excited by rubbing. 


24. 
25. 


intradermal 0.5 em.’ serum. 
intradermal 0.5 em.° 


26. 
4 
28 
29 


30. 


2 
3 


F, 
i, 
B 
ie 


May 23 received 1,000 units of diphtheria 


antitoxin for the first time. 


Day 
Day 
Day 
Day 
Day 
Day 


1—May 
2—May 
3—May 
4—May 
5—May 
6—May 


y 31. 


24. 0.5 em.* serum. 
25. 
26. 
27. 
28. 


29. 


First intradermal injection 

Arm and back negative. 

Arm and back negative; 2 intradermal, 0.5 em.® 

Arm and back negative; 3 intradermal, 0.5 em.° 

1, 2, 3 and back negative; 4 intradermal, 0.5 em? 

Back shows a slightly elevated and indurated area over site 
of injection 5 by 2 em. in diameter, one or two wheals; 
1 negative; 2 shows a red mottling 1.5 em. in diameter; 
3 similar mottling, 2 cm. in diameter; 4 taint pink area 
2 by 2.5 em. 

Back negative; 1, 2 and 3 fused, 10.5 by 4 em.; 4 shows an 
area of urticaria 4 em. in diameter. 

Back negative; 1, 2 and 3 fused as above, but not so red; 

4 shows redder area this morning 5 by 4 em. 
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Day 9—June 1. Back negative; 1, 2 and 3 fading; 4 on thigh shows an area 
of redness 10.5 by 5 em.; fifth intradermal injection, 
0.5 em.*, given one hour ago, shows a hyperemic area 
2.5 em. in diameter. 

Day 10—June 2. 1, 2, 3, 4 negative; 5 faint area 4 by 2.5 em.; back negative. 

Day 11—June 3. 1, 2, 3, 4 and back negative; 5 shows a faint area of erythema 
10 cm. in diameter. 

Day 12-—June 4. Slight erythema over knees. (Operated yesterday p. m.) 

Case 16.—Crystal B., aged 11 years. May 23 was given 1,000 units diphtheria 

toxin for the first time. 

Day 1—May 24. First intradermal 0.5 cm.’ serum. 

Day 2—May . Arm and back negative. 

Day 3.—May Arm and back negative; 2 intradermal 0.5 em.’ 

Day 4—May . Arm and back negative; 3 intradermal 0.5 em.° 

Day 5—May - 1 and back negative; 2 bright red irregular mottled area 
1 cm. in diameter; 3 marked pink mottled area with 
uniform pink center and smal] macular spots around, 
hyperemic 1.5 em. in diameter. 

Back negative; 1 mottled area 1.5 cm. in diameter, pink; 
2 deep hyperemic pink area with light center 2 em. in 
diameter; 3 deep pink hyperemic area with pale center 
4 by 3 em. in diameter; 4 intradermal 0.5 em? 

Back negative; 1 mottled red area 2 cm. in diameter; 2 
uniform red area, 2 ecm. in diameter; 3 uniform red 
area 3 by 4 em.; 4 on thigh deep red slightly indurated 
area 3 cm. in diameter; marked itching in the arm. 

Back negative; 1 fading; 2 fading; 3 fading; all still red 

and mottled; 4 red area 4 by 3 em. 

9—June . 1, 2, 3 same as yesterday; back negative; 4 same as yester- 
day; 5 intradermal 0.5 em.’ serum. An hour later a red 
area 4 by 2.5 cm. 
10—June_ 2. 2. 3 and back negative: 4 area 3 em. in diameter, fading; 
5 bright red area 6 em. in diameter, no induration. 
11—June : 2 and 3 have brightened up a distinct faint red and 
macular; 4 red area 4 by 4 em. in diameter; 5 bright 
red hyperemia 7.5 by 5 em. 
Day 12—June . Erythema continues on both arms. (Operated in surgical 
clinic yesterday.) 
CASE 17.—Adrian W., aged 13 years. May 22, 1912, was given 1,000 units of 
diphtheria antitoxin in the interscapular space. 
Day 3—May 25. First intradermal 0.5 em.* serum. 
Day 4—May 26. Arm and back negative; 2 intradermal 0.5 cm.* serum. 
Day 5—May 27. Arm and back negative. 
Day 6—May . Back negative; 1 shows faint pink area 2.5 em. in diameter 
with yellow center; 3 intradermal 0.5 em. serum; 
2 shows an area 2.5 cm, in diameter, bright pink, macular. 
Day 7—May and back negative; 2 fading; 3 same size, red and indu- 
rated; 4 intradermal injection in thigh, 0.5 em.’ 
Day 8—May : and back negative; 2 mottled and fading; 3, 3 by 2.5 em., 
pink; 4, 4.5 by 3 em., red induration; 3 and 4 itching, 
3 began to itch several hours before 4. Slight itching 
at puncture wound in back. 
Day 9—May . 1, 2 and back negative; 3 fading; 4 uniform pink avea, 
slightly indurated, 5 by 6.5 em. 
Day 10—June_ 1. All negative. Fifth intradermal 0.5 em. in thigh. 
Day 11—June 2. 1, 2, 3, 4 and back negative; 5 shows a faint pink area 
2.5 cm. in diameter. 
Day 12—June 3. All negative. 
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CASE 18.—Miss O., aged 21 years. May 23, 1912, was given 2,000 units of 

diphtheria antitoxin in the interscapular space for the first time. 

Day 2—May 25. First intradermal in arm 0.5 em.* serum. 

Day 3—May 26. Arm and back negative; 2 intradermal 0.5 em.* in arm. 

Day 4—May 27. Arm and back negative. 

Day 5—May 28. Back negative; 1 shows an irregular blotchy marked redness 
without induration 3 by 2.5 em.; 2 same; 3 intradermal 
0.5 em.* serum in arm. 

Day 6—May 29. Back negative; 1 shows uniform redness 3 cm. in diameter; 
2 similar redness 5.5 em. in diameter; 3 similar redness 
5 by 4 cm. in diameter. fusing with 2. 

Day 7—May 30. 1, 2, 3 positive; back negative; slight signs serum sickness. 

Day 8—May 31. 1, 2, 3 fading; back negative. 

Day 9—June 1. 1, 2, 3 fading, back negative; 4 intradermal 0.5 ¢.c. serum. 

Day 10—June 2. 1, 2, 3 positive; 4, 7.5 em. in diameter, all bright red; back 
negative. 

CASE 19.—Miss C., aged 21 years. May 23 was given 2,000 units of diphtheria 

antitoxin for the first time in the interscapular space. 

Day 2—May 25. First intradermal 0.5 cm.* serum in arm. 

Day 38—May 26. Arm and back negative; 2 intradermal 0.5 em.* in arm. 

Day 4—May 27. 1, 2 and back negative. 

Day 5—May 28. 1 faint pink area 2.5 cm. in diameter; 2 uniform red area 
2.5 em. in diameter. Back shows an irregular blotchy 
redness around site of injection 2.5 em. in diameter; 3 
intradermal 0.5 ¢.c. serum. 

Day , 29. Back negative; 1 faint diffuse redness; 2 red area 4 em. in 
diameter; 3 reported as very large last night. This morn- 
ing shows a red indurated area 2 cm. in diameter; 4 
intradermal 0.5 ¢.c. in arm, 


Day , 30. land back negative; 2 area 4.5 by 4.5 em.; 3 area 6 by 4 em.; 
4 area 5 by 5 fusing with 3, marked induration. Patient 
says that just as one spot begins to disappear it starts 
to itech. Second itching to-day; first has stopped. 

Day 8—May 31. 1, 2 and back negative; 3 and 4 fading. 


CASE 20.—Mrs. R., April 23, 1912, was given 1,000 units diphtheria antitoxin 
in the interscapular space for the first time. 

Day 7—April 30. 9:30 a. m., 15 minims serum was given intradermally in 
the left arm. There is a reddened itching area 12 by 12 
inches over back of right shoulder in region of original 
inoculation; 7 p. m., 6 by 4 inches in diameter over the 
arm; very marked redness and infiltration, which is 
sharply defined, with whitish center, itching. 

Day S8—May . 8:30 a. m., reddened area over whole upper arm; infiltration 
more marked; itching; 4:30 p. m., no change in appear- 
ance, but the arm is more tender. 

CASE 21.—Mrs. P. April 23, 1912, 1,000 units of diphtheria antitoxin given 
in the intersecapular space for the first time. 

Day 7—April 30. 9:30 a, m., 15 minims of serum intradermally in the left 
upper arm; 7:00 p. m., slight reddening and infiltration 
about area of injection. 

Day 8—May 1. 8:30 a. m., reaction is more marked, redder; more infiltra- 
tion, itching at point of injection and under arm. 11:00 
a. m., redness increasing, rubbing over the area of injee- 
tion in the back produces redness. Rubbing on the oppo- 
site side produces no redness. 4:30 p. m., the area on 
arm has become tender, itches and shows a secondary 
areola. 
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Case 22.—Mrs. M. April 23, 1912, was given 1,000 units of diphtheria anti- 
toxin in the interscapular space for the first time. 

Day 7—April 30. 9:30 a. m., 8 minims of serum given intradermally in left 
arm. Noon, urticarial eruption about site of original 
injection in the back, with itching. 7:00 p. m., slight 
urticarial area above point of injection on arm. 

Day 8—May 1. 8:30 a. m., reaction more marked, redder, very little infil- 
tration. 11:00 a. m., 4 em. in diameter on arm. Infil- 
tration and hyperemia more marked, tenderness, no itch- 
ing. No urticaria on back, but a diffuse redness 
10 by 5 em. 4:30 p. m., no change. 

Day 9—May 2. Patient complained of itching over the back and chest dur- 
ing the night. 


CASE 23.—Mrs, B. April 23, 1912, 1,000 units of diphtheria antitoxin in 
interscapular space for the first time. 

Day 7—April 30. 9:30 a. m., 8 minims of serum intradermally left upper arm. 
7:00 p. m., there is an area of urticaria 6 by 6 inches 
the site of original injection; also an area of reddening 
and marked infiltration 4 by 3 inches on left upper arm. 

Day 8—May 1. 8:30 a. m., the reaction on the back has decreased. The area 
on the arm has increased, but the infiltration is less 
marked. 4:30 p. m., still less infiltration. The area 
over the arm is blotchy red in character and itching. 
Patient discharged before another observation could be 
made. 


CASE 24.—Mrs. P. A. April 23, 1912, 1,000 units diphtheria antitoxin in the 

interscapular space for the first time. 

Day 7—April 30. 9:30 a. m., 15 minims of serum in left arm intradermally; 
7:00 p. m., negative. 

Day 8—May 1. 8:30 a. m., diffuse red area with infiltration, itching and 
tenderness 5 by 8 cm. over arm; 4:30 p. m., no change; 
2 more diffuse redness. Line of infiltration less defined. 
3, reaction more marked, more diffuse. No note on 
back. 


Case 25.—Mrs. Pal. April 23, 1912, 1,000 units diphtheria antitoxin for the 
first time in the interscapular space. 

Day 7—April 30. 9:30 a. m., 15 minims of serum intradermally in left arm. 
7:00 p. m., there is a swollen faint red infiltrated area 
10 by 5 em. over arm. 

Day 8—May 1. 8:30 a. m., reaction same as last night. Redness produced 
on slight rubbing. Slight flush about original injection 
in back. 4:30 p. m., infiltration marked. Tender but 
no larger. 

Day 9—May 2. Reaction less noticeable. Some itching. 

Day 10—May 3. Reaction has disappeared. 


CASE 26.—Mrs. T. April 23, 1912, 1,000 units diphtheria antitoxin for the 
first time in back. 


Day 7—April 30. 9:30 a. m., 8 minims of serum in left upper arm intrader- 
mally. 7:00 p. m., slight tenderness about point of 
injection on arm; no other reaction. 

Day 8—May 1. 8:00 a. m., no change. 11:00 a. m., there is a raised infil- 
trated area on the arm 4 by 4 em.; on the back there is 
diffused urticarial eruption, 4:30 p. m., same as last note. 

Day 9—May 3. Reaction has disappeared. 
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CASE 27.—Mrs. H. April 23, 1912, 1,000 units of diphtheria antitoxin in left 
flank for the first time. 

Day 7—April 30. 9:30 a. m., 8 minims of serum intradermally in left upper 
arm. 7:00 p. m., there is an area of infiltration and itch- 
ing 5 by 3 em. about the point of injection on arm. 
There is also a red rash about the original point of injec- 
tion in left flaak. 

Day S—May 1. 8:30 a. m., area on arm redder, more infiltrated 7.5 by 5 cm.; 
flank remains same. 

Day 9—May 2. The area on the arm is more diffuse at 11 a. m., 6 by 10 cm., 
and redder. 

Day 10—May 3. Area on arm still more diffuse. No note on flank. 

CASE 28.—Mrs. W. April 23, 1,000 units of diphtheria antitoxin in back for 
first time. 

Day 9—May 2. 7:00 p. m., 10 minims intradermally in upper right arm. 

Day 10—May 3. 9:00 a. m., there is an area of slight swelling on the arm 
5 by 8 em., with very little redness. 3:30 p. m., the reac- 
tion is more marked, more diffuse; very little infiltra- 
tion and redder. No note on back. 

Case 29.—Mrs. H. A. April 23, 1,000 units of diphtheria antitoxin in back 
for first time. 

Day 5—April 28. 8:00 p. m., there is an area on the right shoulder 8 by 8 cm., 
just above point of injection of antitoxin. Slightly swol- 
len, red and itching. (Nurse’s note.) 

Day 6—April 29. Area on right shoulder still red but swollen. (Nurse’s 
note. ) 

Day 9—May 2. 7 minims of serum, intradermally in left upper arm. 

Day 10—May 3. 9:00 a. m., there is an area of marked redness and infiltra- 
tion 5 by 8 em., over point of injection on arm. 

Day 11—May 4. 3:30 p. m., no change. No note about back. 

CASE 30.—Miss W., May 1, 1912, 1,000 units of diphtheria antitoxin in back 

for the first time, 4:30 p. m. 

Day 3—May 4. 9 a. m., 8 minims of serum intradermally in left arm; 
7 p. m., no reaction. Patient discharged; no further 
observations could be made. 


Note.—I am indebted to my staff assistant, Mr. Paul Schule, for observations 
on the adult cases, most of which I confirmed. 


ANALYSIS OF OBSERVATIONS; SERIES I 


Thirty individuals whose ages varied from 6 months to middle adult 
life were sensitized to horse-serum by means of prophylactic injections of 
diphtheria antitoxin. Of these, seventeen were children and thirteen 
adults. Ninety-four per cent. of these cases reacted to the cutaneous 
test. One of the children (No. 2) was found to be refractory; that is, 
after repeated intradermal injections sensitization could not be demon- 
strated up to the tenth day of the experimental period. However, 
specific oversensitiveness was demonstrated in this case on the forty- 
first day. One adult (30) did not remain long enough for specific sensi- 
tiveness to occur and accordingly cannot be counted in the total. One 
hundred per cent. of the adults responded to the test ; 94 per cent. of the 
children. (See later notes on these cases. ) 
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Time of Reaction.—Of the nineteen cases which were closely observed 
specific oversensitiveness was first demonstrable on the 

Second day in case* 
Fourth day in case 
Fifth day in cases 
Sixth day in case 
Seventh day in cases 
Ninth day in case 
Tenth day in 2 cases 
No reaction in case 

eases 

* No. 8 reinjection case. 

Duration of Reaction.—With the exception of one, all reacting cases 
remained sensitive throughout the first experimental period of eight to 
twelve days. One (12) reacting positive on the seventh day, did not 
react after an intradermal given on the ninth day. Another (13) became 
positive on the ninth day, four days after the fourth intradermal, but 
refused to respond to a fifth intradermal given on this day. The refrac- 
tory case (No. 2) reacted positive on the forty-first day. We have many 
instances in which sensitization, as recognized by the intradermal reac- 
tion, continues for many months. This is so whether the patient has 
received a large or a small initial dose of horse-serum. For example, 
Veronica H. received 1,000 units (6 to 7 ¢.c.) of antitoxin Oct. 30, 1912. 
She reacted to an intradermal injection November 27 and to another 
intradermal April 16, 167 days after first injection. Dec. 3, 1912, Velma 
C. received 2 cm.* antitoxin intradermally for the first time, a second 
intradermal three days later, and on the following day a third intrader- 
mal. She reacted on the sixth day (probably on the fifth, as the reac- 
tion looked like a fading reaction, and no observation was made on the 
fifth). Later response was obtained at site of previous injection, showing 
that she was thoroughly sensitized. The maximum amount of horse- 
serum used was 4.5em.* April 16, 134 days after the first injection, she 
reacted more vigorously than at any other time. 

To return to our so-called refractory case, John C. (No. 2). This 
infant received his fifth intradermal injection on the ninth day. A neg- 
ative result followed throughout the rest of the experimental period of 
thirteen days. With the exception of one (No. 7) all the other children 
reacted positive before this time. No. 7 was overlooked in making the 


injections on the ninth day and received his fifth intradermal on the 
tenth day. He had given a questionable reaction on the eighth day, 
but now reacted most vigorously. It is, of course, possible that John 
would have done the same had he received an injection on the tenth day. 
However, at no time did he show even a questionable reaction. On the 
forty-first day he received his sixth intradermal injection, which resulted 
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in an entirely positive and typical reaction. Hamburger and Moro had 
a similar experience in which no oversensitiveness was demonstrable up 
to the twelfth day. They did not, however, make any tests later than 
this time. A very interesting question hinges on this point. We are 
referred back to the experiments of Rosenau and Anderson previously 
cited, which would argue that this infant was immune,® and to those of 
Gay and Southard, which showed that Rosenau and Anderson’s animals 
were not really immune, but because of the large dose of serum they 
received were rendered insusceptible,® to become susceptible or sensitive 
at a later time. The experience encountered in my case would support 
the latter view and may be explained on these grounds. Just how far this 


hypothesis may be used to explain the peculiar light reactions in the 


children below + years of age referred to later is not at the present time 
vasy to decide. The magnitude of the skin reaction seems to be in pro- 
portion to the degree of oversensitiveness. 

Another interesting point bearing on this topic is the fact disclosed 
in experiments of Series 3. The four children here recorded received as 
their initial dose a very small amount of horse-serum. Specific oversensi- 
tiveness to an intradermal injection occurred after the same time interval 
necessary for the larger initial injection had elapsed. That is, the reac- 
tion occurred no sooner and no later than is the rule with the larger 
initial injection. 

Local and General Character of the Reaction of the Organism.—In 
the beginning of work of this character a question arose as to whether 
these intracutaneous reactions were purely local in nature. The work 
on the cutaneous tuberculin test, on cow-pox vaccination and on serum 
sickness (Arthus, Hamburger, v. Pirquet and others), as well as my 
own observations, shows conclusively that the cutaneous reaction is an 
expression of a reaction of the entire organism. For example, all 
patients received their immunizing dose of antitoxin in the interscapular 
space. The intracutaneous tests were made at a remote point, arms and 
thighs. The location made no difference in the character or time of 
the reaction. Arthus determined this point by giving the primary injec- 
tion intraperitoneally and Knoepfelmacher by excision of the developing 
vaccination lesion before it was full blown. A peculiar experience, how- 
ever, was encountered in the susceptibility of some patients to reaction 
at the original site of inoculation, the interscapular space. Of the 
twenty-seven positive cases among the children, there were three (Nos. 

8. Indeed it is easy to determine that this infant, as well as all the others, 
received a comparatively much larger dose of horse serum than did the older chil- 
dren and the adult cases. Hence the concentration of the horse serum in these 
infants is analogous to that in the guinea-pigs of Rosenau and Anderson. 

9. Besredka and Steinhardt apply the term anti-anaphylaxis to this phe- 
nomenon. See foot note 3. 
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8, 13, 17) which reacted in the interscapular space and one which showed 
a questionable reaction, not up to the threshold of cutaneous manifesta- 
tion. Of the positive adult cases, nine reacted in the interscapular 
space (19, 20, 21, 22, 23, 25, 26, 27). The reaction at the site of the 
original injection was simultaneous or coincident with the appearance 
of the first positive intracutaneous reaction in nine cases (8, 15, 20, 21, 
22, 23, 25, 26, 27). In others the reaction preceded or followed the 
appearance of the intracutaneous reaction. 

From this experience it may be determined that the reaction at the 
site of primary injection is an expression of a high degree of oversensi- 
tiveness. With the exception of one, all cases responding in the back 
gave marked reactions on the arm. 

Another interesting observation in this series is the response of pre- 
viously negative areas to a renewed injection of serum (Fig. 1). By 
reference to the table it will be seen that frequently when a positive 
reaction occurs for the first time it does so at the point of the last 
intradermal injection (eight cases, 1, 3, 4, 5, 6, 7, 8, 11); in other 
cases all the previous points of injection react, and at times very mark- 
edly (Cases 7, 8, 10, 15, 16, 18, 19). Hamburger and Pollak regard 
these successive reactions as coreactions or focal reactions; that is, “They 
appear only through the provocative influence of reinjection and are 
similar to the negative tuberculin reaction which under the influence of 
tuberculin injections may become positive.” In my adult cases, which 
received a second injection only after an interval of seven days had 
elapsed, this provocative influence of successive injections is removed. 
The marked reaction in the back in all these cases is an expression of a 
general reaction of high degree, brought about by the primary injection. 
It probably would not have occurred without the provocative influence of 
the small intradermal injection. However, one case (No. 20) illustrates 
the fact that a marked reaction may take place without the provocative 
influence of a second injection. It will be further observed that in all 
children below the age of 4 years (five observations) no marked reac- 
tions took place, while after this age and apparently as the age increases 
up to adult life, the reaction becomes stronger. This cannot be because 
of a greater amount of serum administered with the initial injection for 
just as large doses were given to children with the exception of two 
(18, 19) as were given to adults. Even in these cases, if we figure the 
concentration of the serum in the blood the children received in propor- 
tion to the total quantity of blood in the body by far the greater doses. 
The explanation would seem to rest either with the experience encoun- 
tered with animals, namely, that a small sensitizing dose gives rise to a 
greater sensitization and that the adult cases are analogous to this 
because of the higher dilution of the original injection, or with the 
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xp REACTIONS OF EXPERIMENTS, SERIES 1.—(Continued) 
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Left hospital ninth day. 


Back shows an area 2.5 cm. in diameter at site of 
injection. There is also erythema over both knees, 
giving picture of serum sickness. 


Back shows a slightly elevated and indurated area 
over site of injection 5 by 2 em. in diameter. No 
signs of serum sickness. 


? Slight itching at site of injection in back, but no 
redness. 


On the sixth day there were slight signs of serum 
sickness, but no reaction in the back. 


On sixth day the back showed an irregular blotchy 
redness around site of injection 2.5 em. in 
diameter. 


On seventh day, before intradermal was given, a 
marked reaction occurred on back. 
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REACTIONS OF EXPERIMENTS, SERIES 1.—(Continued) 








Reaction at Original Site of Inoculation 7 








Remarks 





By slightly rubbing point in back redness occurs. 
Not so on opposite side. 


Ten hours after intradermal marked reaction in 


back. 


Ten hours after intradermal marked reaction in 


back. 


No observation of back made. 


Slight flush over point of injection in back on 
eighth day. 


Diffuse urticarial eruption over site of injection in 
back. 


Ten hours after intradermal marked reaction in 


back. 


No observation of back made. 


On fifth day, before intradermal was given, reaction 
occurred on back; no other signs of sickness, 


No observation of baek. 








10. Read at meeting of American Society for Advanced Clinical Investigation, 
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theory that the reaction power of the body has become greater and 
quicker as age has advanced. The observations are so few that they 
merely suggest this latter explanation. At this point we must recall 
the fact previously referred to, that while a small dose may give greater 







sensitiveness in animal experiments, the symptoms of serum disease are 





usually induced only by large doses of serum (particularly where the 
symptoms follow a primary injection). We must also ask the question, 
Is the cutaneous reaction analogous to or identical with the symptoms of 
serum disease? This question will be discussed later (Series 2). 







Character of the Cutaneous Reaction.—If a well-marked reaction is 
































closely observed it will present two distinct zones, an inner, slightly raised 
anemic zone of infiltration and an outer flat zone of hyperemia, the 
periphery of which has finely jagged edges. Less marked reactions pre- 
sent only a flat hyperemia, a mottled roseolar, measles-like eruption or 
a group of small wheals. At times well-marked local urticaria accom- 
panies a pronounced reaction. In my experience tenderness was seldom 
complained of or induced by pressure. Itching was a frequent symptom. 
It was more marked in the adult cases, Series 2, and the reinjection 
Case 8, and at times it was almost intolerable. 

If the progress of a well-marked lesion is observed the total area will 
be seen to increase markedly from day to day until it has reached its 
height, after which it may persist a day and then disappear. At times 
a yellowish or greenish-yellow stain remains for a short time. If one 
computes the total area on successive days and plots a curve, the curve 
will follow closely that of a geometric progression. Nearly all reactions 
were measured daily in their longitudinal and transverse dimensions. It 
is not possible from such measurements to determine the total area with 
any degree of accuracy. This point is considered more in detail in 
“Studies on the Incubation Period No. 2—Cow-Pox Disease.”?®  V. 
Pirquet and Hamburger and Schey have called attention to its 
significance. 

The Effect of Gentle Rubbing.—I have frequently observed in a 
number of reactions, which were subsequently positive, that a day before 
the lesion became definitely positive gentle brushing over the injected 
area with the finger brings about a blush not produced by similarly rub- 
bing some remote part of the body. I have also observed that in some 
cases in which the reaction might otherwise be questionable, this brush- 
ing brings it to the surface in such a way as to convince one of its posi- 
tive nature. It might be interpreted that such a reaction was just below 
the threshold of cutaneous manifestation. 





Washington, May 5, 1913. Unpublished. 
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SERIES 2 
Observations to Determine How Long an Individual Remains Sensi- 
tive to an Inoculation of Horse Serum, and the Factors Influencing 
the Reaction. 


We have recorded already many instances of sensitization continuing 
for one year. The following cases record observations beyond this 
period : 

CASE 31.—Miss S. was given antitoxin for the first time seventeen months ago. 

April 18.—Intradermal in left forearm 0.5 em. diphtheria antitoxin. In 
fifteen minutes an area of erythema and urticaria about 30 by 30 cm. appeared. 
At night this area began to itch. 

April 19.—There is a marked area 125 by 60 mm. The itching is very marked. 
Infiltration not noted. 

April 20.—The area has entirely disappeared. 

CASE 32.—Miss A. was given diphtheria antitoxin for the first time two years 
ago. No serum sickness occurred. 

April 18.—Intradermal left forearm 0.5 cm.* Immediate reaction of same 
degree as Case 31. Itching at night marked. 

April 19.—There is a marked reaction. The central portion 40 by 35 mm. is 
infiltrated. The outer area 120 by 70 mm. is red. Itching is marked. There is 
a large urticarial lesion over the left wrist 40 by 40 mm. 

April 20.—The reaction has disappeared. Patient was very uncomfortable dur- 
ing the exanthem. 

CASE 33.—Miss K. was given diphtheria antitoxin for the first time seven 
years ago. 

April 18.—Intradermal 0.5 em.* diphtheria antitoxin. An immediate reaction 
occurred within fifteen minutes. 

April 19.—Patient complained of marked itching of the forearm last night. 
This morning there is an inner zone of infiltration 80 by 60 mm. and an outer zone 
of erythema 110 by 90 mm. The entire forearm is swollen. 

April 19.—The arm is almost entirely clear. 

April 20.—The arm is clear. 

April 23.—Last evening a large area began again in the same location as 
before. This morning it covers the entire flexor surface of the arm and extends 
well around to back of arm. The itching last night was intense. There is none 
this morning. Other parts of the body have been free from eruption. 


From these observations we find that an individual may remain very 
markedly oversensitive (allergic) for seven years. This is the longest 
definite case without reinjection, I have been able to find. To repeat, 
this remarkably robust woman reacted immediately, within fifteen min- 
utes, with erythema. During the following night she was annoyed by 
marked itching of the arm and at the end of twenty-four hours a zone 
of marked infiltration 60 by 80 millimeters surrounded by an outer zone 
of erythema 90 by 100 millimeters had developed. The entire forearm 
was swollen (immediate reaction). The following day the hyperemia 
had almost entirely disappeared. Four days later, however, intense itch- 
ing, erythema, urticaria and infiltration covered the entire flexor surface 
of the forearm (hastened reaction and double reaction). This brings us 
to the consideration of the immediate, hastened and double reaction of 
von Pirquet and Schick. 
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In certain cases after reinjection with horse-serum, v. Pirquet and 
Schick observed that when the reinjection was made early, within two to 





four weeks after the primary injection, if the symptoms of serum sickness 





appeared at all, they usually did so within the first twenty-four hours. 





If an interval of six months intervened the symptoms appeared only 





after several days, but in advance of those that occur after a primary 





. . . . ’ . . -/ 
injection. The first they called the immediate reaction, the second the 
hastened reaction. They made a still further observation, that in certain 





other cases after reinjection both of these reactions may be observed ; that 





is, symptoms appear within twenty-four hours, then disappear and reap- 
pear after an interval of three or four days. This they called the double 






reaction. It is not infrequently seen in cases of serum sickness, and it 
is beautifully illustrated in the local reaction in the case of Miss K. 
(No. 3). 






The immediate intradermal reaction is the rule in individuals who 
have passed the pre-allergic stage (four to ten days), and the experi- 
ence encountered with the intradermal reaction, while not identical 






with, is analogous to, that of serum sickness proper. The difference 
between the two seems to be only in the fact that with the intradermal 
test an immediate reaction is always obtained whether the reinjection is 






made during the first few weeks of allergy or after the six-month inter- 
val, up to the seventh year. 





In answer to the question raised before, Is the cutaneous reaction 





analogous to or identical with the symptoms of scrum sickness, it may be 





said that they are one and the same thing, the difference being a quan- 





titative one. Diluted serum, as Hamburger and Pollak have shown, 





brings about a fainter reaction than undiluted, and clinical experience 





shows us that 2,000-unit reinjection is much more likely to bring about 










the symptoms of serum disease than a 500-unit reinjection. 





SERIES 3 





Observations to Determine if a Small Dose of Horse Serum Is 
Sufficient to Sensitize to the Point of Recognition by the Intra- 
dermal Test and if so for How Long. 











ASE 34.—Louise C. Little’s disease. Has never had antitoxin. 
Nov. 29. Was given 1 em.® antitoxin intradermally in the right arm 
and 1.5 em.® subcutaneously. 
Davy I1—Nov. 30. Arm negative. 

















Day 3—Dec. 2. Negative. 
Day 4—Dec. 3. Negative; 2 intradermal 2 cm.® same arm. 
Day 5—Deec. 4. There is a very slight reaction, 5 mm. diameter, which is 


increased to 10 mm. by gentle rubbing. Rubbing over 
other sites of injection gives same redness. 

Davy 7—Dee. 6. Faint area 20 mm. in diameter, fading. 

Dav S—Dee. 7. All negative. 

Total serum given, 4.5 cm.° 
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Case 35.—Lillian O. Same as patient in Experiment 2, Series 4. Has never 
had antitoxin. 
Nov. 29. Was given first injection 1 em.’ antitoxin intradermally and 
1.5 cm.* subcutaneously. There was no reaction after 
three days when she was given a second intradermal of 
2 cm.’ She was sensitive on the following morning. 
Fourth day, area 30 by 30 mm. with indurated center. 
See further records Series 2. 
Total amount of serum given, 4.5 em.* 
Case 36.—Velma C. Patient has never had antitoxin. 
1—Dec. 3 was given 2 cm.* antitoxin intradermally and 2 cm.’ subcuta- 
neously, right arm. 

Day 1—Dee. . Red trauma-like area 5 mm. in diameter. 

Day 3—Dec. . Negative; 2 intradermal 2 cm.* in left arm. 

Day 4—Dec. . Negative; 3 intradermal, 1 em. in right arm; 4 intradermal 
1 em.’ in right thigh. 

Day 6—Dec. . Faint area 25 mm. in diameter at point of third injection, 
fading. Thigh negative. No observation on fifth. 

Day 7%—Dec. . Left arm shows faint area of mottled hyperemia 25 by 25 
mm. Right arm 30 by 30 mm., faint but distinct hyper- 
emia. Right thigh negative. 

Day S8—Deec. 11. Right arm 60 by 35 mm., light pink erythema. Left arm 
same as yesterday. Right thigh negative. 

Day 135—April 18. Fifth intradermal 0.5 em. At 7 p. m. area 15 mm. in 
diameter (approx.) 

Day 136—Apr. 19. Area of pink mottling 30 by 60 mm. 

Total serum previous to last intradermal 8 cm. (8/10 c.c.) 
CASE 37.—Minnie A. Patient has never had antitoxin. 
Nov. 27. Was given 2 cm. antitoxin intradermally in arm. 

Day 1—Nov. 28. Slight hyperemia 0.5 cm.* in diameter (trauma) increased 
by gentle rubbing. 

Day 2—Nov. 29. Faint area as before. Rubbing does not excite it. 

Day 3—Dec. 2. Negative. 

Day 4—Dee. 3. Negative. Second intradermal 0.5 em.° 

Day 5—Dec. 4. Point of second injection shows an area of slight erythema 
with indurated center 30 by 30 mm. 

Day 7—Dec. . Deep red erythema 40 by 30 mm. Distinctly indurated. No 
tenderness. 

Day S8—Dec. 7. Erythema same as yesterday. 

Day 10—Dec. 9. Area same size but fading. 

Day 12—Dee. 11. Area fading but visible 30 by 30 mm. 

Total amount of serum given 2.5 em.® (14 e.c.) 


Fyrom these observations we find first, that typical oversensitiveness as 
recognized by the intradermal test is brought about in a child by at 
least 1 cubic millimeter of horse-serum (1/10 ¢.c.) without the provoca- 
tive influence of successive injections (Case 35), and that the reaction 
continued over a period of seven days; second, that the reaction occurred 
in all cases on the fourth or fifth day, as is the rule after the longer 
initial injection (5 to 10 ¢.c.) ; third, that the reaction is qually as pro- 
nounced as it is after the larger injection at the same period of observa- 
tion (Case 37); and fourth, that sensitization by means of a minute 


> 
dose of horse-serum continues for 136 days (Case 36, longest observaticn 
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made).'* As the point sought in these observations was only to deter- 
mine if a very small dose of horse-serum would bring about sensitiza- 
tion, as recognized by a skin reaction, and the duration of the sensitiza- 
tion, further tests to determine the time at which the maximum reac- 
tion would take place were not made. In one case (36) a test was 
given on the one hundred and thirty-fifth day, and an immediate reac- 
tion developed within nine hours and became marked by the end of 
twenty-four hours. This reaction was much more marked than the first 
one, and shows that at the time of the first reaction sensitization had not 
reached its height. 
SERIES 4 
Does Horse Serum Exist as Such in the Circulating Blood and 
if so for How Long. 

It will be recalled that previous reference has been made to this 
question. Hamburger and Moro, by means of the anti-horse-serum 
method were able to show that horse-serum or what has been thought to 
be its biologically active portion (precipitable substance) continued in 
the blood-stream apparently unaltered as long as thirty-one days after 
injection, and that precipitable substance and precipitin exist side by 
side for a long time. By an entirely different method I have attempted 
to demonstrate the same point. Instead of using the body of a foreign 
species to bring about an antiserum I assumed that the organism of a 
highly sensitized individual should respond to an intradermal or sub- 
cutaneous injection of the blood-serum of an individual recently injected 
with horse-serum for the first time, if the horse-serum continued as such 
in the body (provided that the dilution of the serum was not too high). 
In other words, the serum of an unsensitized injected child if injected 
into a highly sensitized child would bring about either an intradermal 
reaction or the symptoms of serum disease in the sensitized child. On 
the convenient hypothesis of v. Pirquet and Schick, allergen and ergin 
are necessary for a reaction. These conditions are supplied in this 
experiment. 

Sensitized Child.—By reference to Case 8, Series 1, it will be seen 
that Clifford H. had a very high degree of oversensitiveness to horse- 
serum. In other words, allergy had been established and free ergin was 
present in the circulation. 

Unsensitized Injected Child.—For this purpose I sought a_per- 
fectly healthy, tuberculin-negative child, Theo. H., who in consequence 

11. A patient with a mild attack of diphtheria was given within thirty-six 
hours approximately 20 ¢.c. of antitoxin. Intradermal tests on the fourth and 
sixth days were negative. The case then passed from observation. This appar- 
ently prolonged preallergic stage suggests the anti-anaphylactic reaction of Stein- 
hart and Besredka. 
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of prophylaxis received Dec. 21, 1912, 1,000 units diphtheria antitoxin (5 
c.c.). After twenty-four hours 2 c.c. of blood were taken from an arm 
vein, the serum separated and marked 1. On the following day a similar 
sample was taken and marked 2 (forty-eight hours). On the third day 
another sample was taken and marked 3 (seventy-two hours). The serum 
was obtained by coagulation and was preserved in an ice-chest. 


Experiment 1.—Clifford H. (Case 8, Series 1). A highly sensitized patient 
was injected: 

Dee, 21.—11 a. m. with 0.5 ¢.c. serum No. 1 intradermally in the arm. 

12 m. There is a distinct hyperemic area at the site of puncture 2 by 1 mm. 

2 p.m. The hyperemic area is very much diminished and limited to a very 
small areola about the puncture. (Observation by Dr. Stoops.) 

3:30 p.m. The area remains about the same. 

6:30 p.m. The area is again visible 1 by 1.5 mm. surrounding the puncture. 
The pale center observed at noon has disappeared. (Stoops.) 

8:30 p.m. (D. M. C.) The area over the arm has faded. At 7 p. m. the 
nurse records that the patient complained of headache. At 8 o’clock she records 
slight redness over the forehead, temple and chin. At present there are several 
deep red hyperemic areas with irregular borders over the face and forehead, 
varying from 10 by 30 mm. on the forehead. No urticaria. There is a large 
hyperemic area over the back of both wrists. Back and rest of body negative. 
These are not pressure spots as the patient has been sleeping on the opposite 
side. T. P. R. normal. 

Dec. 22—11 a. m. There is a faint hyperemic area 7 by 5 mm. around the 
point of injection in arm. The spots on the face have almost completely dis- 
appeared. 

Dec. 23—10 a. m.—One cm.’ Theo. serum No. 1 intradermally, right arm. A 
pink hyperemia developed immediately. One em.’ of sterile water is similarly 
injected in left arm. After ten minutes the area on the right arm is reduced 
3 by 5 mm. and an area 4 by 2 mm. develops in five minutes after the injection 
of water. 

10:35 a.m. R. A. (water), 5 by 2mm. L. A. (serum), 4 by 2 mm. 

11:30 a.m. R. A. (water), 2 by 1.5. L. A. (serum), negative. 

12:00 a.m. R. A. (water), negative. L. A. (serum), negative. 

11:00 p. m. Nurse records slight redness on left side of neck and upper part 
of shoulder. 

Dec. 24—6:00 a. m. Slight redness on cheek. 

11:30 a.m. Slight but distinct blotchy redness about the mouth and on right 
side of nose. Left arm shows an area of hyperemia 7 by 5 mm. around site of 
puncture with slight induration. Control on other arm is entirely negative. 

11:45 a. m. Intradermal 1.5 em.* Theo. serum No. 3 (seventy-two hours). 

12:00 a.m. There is marked area 30 by 15 mm. with white center. 


From this experiment we may conclude that horse-serum or its bio- 
logically active portion, allergen, was present in the blood-stream as late 
as forty-eight hours after injection, possibly seventy-two hours. It is 
of interest to note that the local reaction was not so marked as the 


general reaction. 

To see if a similar result would occur in a child sensitized with a 
very small dose of horse-serum, I made a similar observation on a child 
previously successfully sensitized with 0.1 ¢.c. horse-serum as follows: 
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Experiment 
antitoxin. 
Nov. 29, 1912. Patient was given 1 em.® diphtheria antitoxin intra- 
dermally and 1.5 em.® sucutaneously to see if this small 
amount would produce sensitization. 

Day I—Nov. 30. Arm and back negative. 

Day 3—Dec. 2. Arm and back negative. 

Day 4—Dec. 3. Arm and back negative; 2 intradermal 1 em. 

Day 5—Deec. 4. Characteristic hyperemia with indurated center. Back 
negative. 

Day 7—Dee. 6. There is a deep hyperemia 10 by 9 mm., both points fusing. 
There is considerable induration, same as vesterday. 

Day 8—Dec. 7. Same as yesterday, possibly fading a little. 

Day 10—Dec. 9. Fading. 

Day 11—Dee. 10. Reaction still present but less noticeable. 

Day 12—Dec. 11. The area is still visible 10 by 9 mm., fading. 

Day 22—Dec. 21. Patient is given an intradermal of about 1 em.* of Theo. 
serum No. 1. In half an hour there is no change. The 
area of injection is still elevated. (Primary infiltra- 
tion.) 8:30 p. m., the arm shows an area of slight hyper- 
emia 10 mm. in diameter. There is a large hyperemic 
area 50 by 50 mm. over the right inner forearm above 
the wrist of a deep red color similar to Case 1. This 
area has irregular map-like margins. There is also a 
slight diffuse redness of the left wrist. The rest of the 
body is free. T. P. R. normal. 10 p. m. nurse records 
redness on back right hand. 

Day 23—Dee. 22. 11:00 a. m. There is a slight but distinct hyperemic area 
2 by 1.5 mm. at site of intradermal injection. The 
erythematous spots of last night have distinctly dis- 
appeared. On gentle rubbing over the intradermal area 
it is very much increased and mottled in character. 

Day 24—Dee. 23. 10:30 a. m. Patient is given 0.5 em.* Theo. Serum No. 2 


2.—Lillian O. (Case 35, Series 3.) Patient has never had 





intradermally. Quite a_ little oozed from puncture. 
Fairly good infiltration obtained. No immediate reaction. 
10:35 a. m. There is a hyperemic area 3.5 by 3.5 mm. 
with raised center and an outer zone 8 by 8 mm. The 
center in indurated. 11:35 a. m. The center in indu- 
rated as before; otherwise negative. 4:30 p. m. Area 
4 by 4 mm. 7:00 p. m. Area negative. (Stoops.) 
12:00 midnight, negative. 

Day 25—Dec. 24. Nurse recorded no skin changes during the night. Point of 
intradermal shows a faint but distinct area of hyperemia 
15 by 10 mm. This brightens up markedly on gentle 
rubbing. Other areas on arm do not. 

Note.—This patient had been getting 18 drops of tincture belladonna t. i. d. 
for some days. She had never shown any hyperemia before and has shown none 
since injections have ceased. The evening both these cases reacted I made the 
rounds of both wards to see if any other children had areas of hyperemia, They 
were all negative. 


In reaction than was 
obtained in Experiment 1. In ten hours there were distinct signs of 





this case we found an even more marked 





serum disease, with local reaction following the injection of both samples 
of Theo.’s serum. Theo. left the hospital at this point, so that further 
observations could not be made. Another opportunity did not present 










COWLE—INCUBATION PERIOD 287 


itself. From these two experiments it would seem that by a more care- 
fully planned experiment an intradermal reaction might be obtained by 
this method at least up to the end of the fifth day of the incubation 
period, possibly later. 

In the absence of such an experiment we must at this point consider the 


work of Gay and Southard on guinea-pigs and its possible bearing on 


the question in hand. These authors have demonstrated quite conclu- 
sively that the sensitizing substance of horse-serum continues in the 
animal body indefinitely [after the disappearance of precipitable sub- 
stance], and confirm the observation first made by Rosenau and Anderson 
that it is transmitted to the offspring of sensitized guinea-pigs, and that 
when the serum from such an animal is injected into a non-sensitized 
guinea-pig it renders the pig sensitive. There are no observations that 
I am aware of which show that the serum of a sensitized pig or indi- 
vidual will induce a skin reaction in another sensitized animal of the 
same species. . 

I am unable to find record of any experiments similar to those just 
recorded. If by future work such reactions can be demonstrated to 
occur with any regularity, it would seem that a new and profitable field 
for research in the exanthematous diseases is opened up. It was this 
idea which prompted these experiments. For such a study one must 
have at hand incubating cases, recently recovered cases and cases repre- 
senting weeks, months and years post-measles, scarlet fever, ete. In my 
first-attempted series in which it seemed that a most fortunate opportu- 
nity presented itself the unexpected happened. One child in a family 
of four children came down with a marked attack of morbilli. The 
other children were fully exposed. Blood taken after a number of days 
reacted negative. These children, however, failed to contract the dis- 
ease, accordingly only negative results would happen. There are many 
phenomena occurring in the exanthematous diseases which can be 
explained on the grounds of allergy. These must necessarily occupy our 
attention in the future, for as yet they are not fully understood and are 
but seldom recognized. 

From this study I believe it is shown that the incubation period in 
serum disease is divided into three distinct stages, which for convenience 
I have designated pre-allergic, allergic and hyperallergic. 

The Pre-Allergic Stage.—Directly following the injection of allergen 
there elapses a period of hours or davs before it effects an altered state, 
“a changed reactivity,” of the organism. The length of this stage can- 
not be definitely determined. For the present it may be considered to 
continue up to the day when a cutaneous reaction is demonstrable. FEvi- 
dence has been brought forth to show that a binding of the reaction 
products has taken place before this time. When the binding begins we 
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do not definitely know. ‘This pre-allergic stage, as designated, differs 
with the allergen. With horse-serum it is four to five days. With cow- 
pox vaccine it is only twenty-fours or less. With tuberculin it is several 
days. In all probability during this stage the foreign serum is split into 
its component parts. 

The Allergic Stage.—Following the time when a cutaneous reaction 
is demonstrable, there is a period of four or five days before the height 
of a cutaneous reaction is reached, and before the symptoms of serum dis- 
ease spontaneously show themselves, and during which ergin is being 
elaborated in progressively larger amounts, but the reaction is still below 
the “threshold of cutaneous manifestation.” 


Day 
1 





Pre-Allergic Allergic Hyper-Allergic 
Stage Stage Stage 


Fig. 2—Chart showing curves of allergic reaction in serum disease. A, imme- 
diate reaction; B, hastened reaction; C, primary reaction. 


The Hyperallergic Stage-—Those individuals who respond to an 
injection of allergen with characteriste symptoms of the disease have 
passed into the hyperallergic stage. Ergin has now reached its highest 
point. Hereafter, depending on the degree of allergy or hyperallergy, 
the individual if again given an injection of allergen no longer passes 
through a pre-allergic stage, but either passes directly into hyperallergy 
(immediate reaction) or hastens through the allergic stage reacting 
with characteristic symptoms three or four days ahead of a primary 
injection case. Furthermore, those individuals who have never pro- 
gressed to the hyperallergic stage remain allergic and likewise deduct 
the pre-allergic stage from their new so-called incubation period. 
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These phenomena are well illustrated by the curves in Chart 1. Curve 
C (Fig. 2) represents a case of serum sickness following a first injec- 
tion. This curve represents a geometric progression with the term 1, 
and a ratio of 2. It reaches the threshold of biochemic demonstration 
the middle of the fifth day and that of cutaneous or clinical manifesta- 
tion on the eighth day. Thereafter the reaction products are present in 
the body. If we regard the amount of reaction bodies retained in the 
body as represented by the term 5, and after a proper lapse of time 
give a second injection of the same amount of allergen as that given at 
the primary injection, we may again regard the ratio as 2 and we will 
produce a curve, B (Fig. 2), which exactly corresponds to a hastened 
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Fig. 3.—Curves illustrating phenomena during the three stages of the incuba- 
tion period. 


reaction. If more ergin has been left in the body and an immediate 
reaction takes place on reinjection, it must correspond to a term of 20 
if the ratio remains the same. Plotting such a curve gives the picture 
of an immediate reaction, A (Fig. 2), the cutaneous test appearing 
within the first twenty-four hours, the symptoms of serum disease the 
following day. 

Yon Pirquet and Schick, as well as others, were of the opinion that 
the reaction bodies entered the circulation suddenly after eight or ten 
days had elapsed. Experience with the cutaneous reaction introduced by 
Hamburger and Pollak tends to alter one’s opinion on this point. It 
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leads one to believe that the antibodies enter the circulation suddenly at 
a much earlier time, on the fourth or fifth day, and multiply with great 
rapidity from then on until they reach their height on the eighth to the 
tenth day, at which time they may manifest themselves in the visible 
symptoms of serum disease. However, we are forced to conclude that the 
antibodies (reaction products) multiplying according to the law of geo- 
metric progression, must necessarily at first enter the circulation gradu- 
ally after a primary injection of allergen. Evidence tends to show that 
these products are first bound, then enter the general circulation and 
multiply with great rapidity. 

Figure 3 illustrates the phenomena observed during the three stages 
of the incubation period. Precipitins for horse-serum and ergin are 
demonstrable at about the same time, that is, in the allergic stage. They 
gradually increase until about the ninth day, after which they increase 
with marked rapidity (hyperallergic stage). Precipitable substance is 
demonstrable during all three stages, but evidence tends to show that 
it decreases with the marked increase in the other two bodies during the 
hvyperallergic. Precipitin and precipitable substance disappear at 
approximately the same time, but the other substance, ergin, continues 
in the blood indefinitely. This substance is not identical with precip- 
itable substance or precipitin. In animal experiments it has been proved 
that a substance capable of acting the part of allergen remains in the 
body for a long time; that is, blood-serum from such an animal may be 
used to sensitize an unsensitized animal. ‘This substance has been called 
anaphylactin by Gay and Southard. As it is derived from or is part of 
the original horse-serum (allergen) I have represented it on the chart 
by reverse hatching following the disappearance of precipitable substance. 

It has been thought by some that the portion of horse-serum recog- 
nized by the precipitin test (precipitable substance) is the allergin. 
The early work of Rosenau and Anderson shows that this is not so. When 
they injected sensitized animals with filtrate of normal horse-serum, 
resulting from the precipitation of precipitable substance by antiserum, 
it was found to be toxic (2 ¢.c. caused death in twenty minutes). Sev- 
eral questions arise at this point. Is the substance present in the filtrate 
the original allergen which induces the cutaneous reaction? Is pre- 
cipitable substance capable of inducing allergy as recognized by the 
cutaneous reaction? What part if any does precipitin play in the 


mechanism of allergy? Future experiments will have to give the answer. 


We must conciude at least that up to the present time the long-discussed 
question of the relation of precipitin and precipitable substance to 
anaphylaxis and the cutaneous manifestations of serum disease remains 
unsettled. 
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CONCLUSIONS 

1. The so-called incubation period of serum disease passes through 
three distinct stages, which may be designated pre-allergic, allergic and 
hyperallergic, depending on the degree of reaction of the organism as a 
whole, all of which can be definitely determined. 

2. The duration of the pre-allergic stage is uninfluenced by the 
smallness of the dose of serum. 

3. The visible symptoms of serum disease are due to hyperallergy. 

4. The hastened and immediate reactions depend on quantitative 
reaction factors. 


5. The blood-serum of a normal child recently injected with horse 


serum, for the first time, when injected in small amount into a highly 
allergic child will induce the symptoms of serum disease as recognized by 
an immediate or a hastened reaction. 
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A CASE OF TUBERCULOSIS OF THE LUNGS, LIVER AND 
SPLEEN, WITH GENERAL GLANDULAR 
ENLARGEMENT IN A 
CHILD * 


JEROME S. LEOPOLD, M.D. 
Assistant Visiting Pediatrician, German Hospital. 


NEW YORK 


History.—H. R., a boy aged 7, was admitted to the German Hospital July 17, 
1913. The patient was born in Germany. He had been in the United States 
for the previous two years. He was breast fed for only a few days. He began 
to walk at one year, and, according to his parents, developed normally in every 
respect. He had never been sick before the present illness. There is no family 
history of lues, tuberculosis or aleoholism. The father and mother and one 
younger brother are living and well. 

The present illness began about three months prior to admission, when the 
parents noticed that the abdomen was gradually increasing in size. About the 
same time the patient began to complain of weakness, and a pallor developed. His 
appetite became poor and he began to lose weight. These symptoms were gradu- 
ally progressive. ‘here was no history of cough, fever or night sweats. 

Examination.—The examination on admission to the hospital showed a fairly 
well developed child whose general condition was poor. Weight was 47 pounds. 
‘The skin and mucous membranes were very anemic. There was present a general 
moderate glandular enlargement, especially in the axillary and inguinal regions. 
The glands were firm and not tender. Previous rachitis was indicated by a bead- 
ing of the ribs and an enlargement of the radial epiphyses. There was slight 
edema of the eyes, legs and scrotum. The pulses were equal, regular and of moder- 
ate tension. The blood-pressure was 106 mm. mercury. The pupils were equal 
and reacted normally. The ears, nose, mouth and throat were negative. The 
teeth were in fair condition. ‘The tongue was not coated. The thorax was sym- 
metrical and of fair expansion. 

Lungs: There was slight dulness on percussion at the right base posteriorly, 
beginning at the inferior angle of the scapula, with diminished breathing and 
a few moist rfiles at the end of expiration. These signs were interpreted to indi- 
cate a pleural effusion. 

Heart: Percussion was normal. Sounds regular, no murmurs heard. 

Abdomen: Markedly enlarged and distended. The superficial veins were 
prominent; no rigidity or tenderness. There was slight moveable dulness in both 
flanks, but no distinct fluid wave could be determined. 

Liver: By percussion the liver was found to be enlarged four fingers’ breadth 
below the costal margin, where the edge was palpable. The surface was smooth, 
firm and not tender. The spleen extended to the level of the umbilicus and to 
the median line of the abdomen. The edge was sharp, the surface smooth, and 
of firm consistency, and not painful on pressure. The notch of the spleen was 
distinctly felt. 

The v. Pirquet reaction was positive. Roentgen ray examination showed the 
presence of ascites, and of fluid in the right thorax. The Wassermann reaction 
was negative. The urine was diminished in amount (395 to 730 c.c. per day), 
but did not show anything pathological. 


* From the Jacobi Department for Children of the German Hospital, New York 


City, service of Dr. A. L. Goodman. 
* Submitted for publication Jan. 14, 1914. 
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On admission to the hospital the temperature was 99 F.; subsequently it was 
remittant in type, ranging from 98 to 103 F. The pulse rate ranged between 
120 and 140 and the respirations from 36 to 40. 

The blood examination on admission was as follows: 

Red blood-cells, 3,960,000; white blood-cells, 5,700; hemoglobin, 45 per cent.; 
polynuclears, 55 per cent.; small mononuclears, 35 per cent.; large mononuclears, 
10 per cent.; eosinophils, 0.0 per cent. 

Management and Course——The patient remained in the hospital for twelve 
days and during this period his condition did not improve. The chest was aspi- 
rated twice during this time and 475 and 750 ¢.c. of slightly turbid, amber colored 
fluid was removed. The cell counts showed 95 per cent. small mononuclears and 
5 per cent. large mononuclears. ‘ihe fluid was sterile in culture. 

At the end of twelve days the patient was taken home against advice. He 
was brought back two days later in a semi-comatose condition with suppression 
of urine. There was now extreme dyspnea, the ascites was more marked, and 
there was a pronounced edema of the legs, penis and scrotum. ‘The signs of fluid 
in the right chest were very marked. Under symptomatic treatment the con- 
dition gradually improved. 

The patient’s blood was examined at various times during his stay in the 
hospital and presented an almost constant picture. 


TABLE 1.—ReEcorp oF BLOop EXAMINATIONS ON VARIOUS DATES 





Small Large 
| ted B.C. White Polys. Kos. Monos., Monos. 
| b. ( . Pet. 


. 3.960.000 5,800 
July 21.. | 3,456,000 | 5,700 
Aug. .. | 4,000,000 | 4,200 
Aug. .. | 4.644.000 | 9,000 
Aug. 20.. 4,032,000 7.800 
Aug. es 4,000,000 5,000 
Sept. 9.. | 4,206,000 5,280 
Sept. ao 3,160,000 4,400 
Oct. 4.. | 3,288,000 2,500 
Oct. Bi. Ceeaj eee 5,000 Py 
2,272,000 neeis + o* a 42 














A blood-culture was negative. The chest and abdomen were tapped from time 
to time depending on the symptoms. Amounts up to 2,750 ¢.c. of clear, straw- 
colored fluid were removed from the abdomen on various occasions. 

The patient remained in the hospital for a period of three months, during 
which time his condition gradually became worse. The temperature varied 
between 98 and 104 F. The respiration averaged about 35 and pulse 120. Edema 
of legs, penis, scrotum, back and eyes reappeared. During the last few weeks 
of the disease the patient’s urine at times contained slight traces of albumin 
with granular casts and a few red blood-cells. Tests for urobilin were always 
negative. Finally a pneumonia developed; from this and from general exhaus- 
tion death ensued on October 17. 


The points of chief interest in this case were the enlargement of the 
liver, the great enlargement of the spleen, the ascites and the anemia 
with leukopenia. In making a diagnosis of the patient’s condition the 
various forms of leukemia, a new growth, lues, tuberculosis, pseudo- 
leukemia and Banti’s disease were considered. The blood picture ruled 
out the various forms of leukemia. The smooth surface of the liver and 
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of the spleen spoke against a new growth. Lues could be ruled out by 
the history and the course of the case as well as by the negative Wasser- 
mann reaction. The diagnosis by exclusion was therefore either tuber- 
culosis, pseudoleukemia, or Banti’s disease. 

In Banti’s disease there is usually a much more severe anemia than 
is present in our case. ‘The course of Banti’s disease is as a rule of three 
to ten years’ duration. ‘There are frequently hemorrhages from the 
stomach and intestines, and during the end stages of the disease there 
is usually a positive test for urobilin in the urine. All of these conditions 
were here absent. On the other hand, the rather acute onset, the short 
course of the disease, together with the remittent temperature and a 
positive v. Pirquet reaction pointed toward tuberculosis or pseudoleu- 
kemia. In view of the many anomalous features detailed above, how- 
ever, a positive diagnosis could not be made. 

Autopsy was performed by Dr. F. B. Humphreys, pathologist to the 
(German Hospital, and I am indebted to him for a detailed report of the 
findings. The following is an abstract from Dr. Humphreys’ records: 


PATHOLOGISTS’ REPORT 


1 Iv/omen.—Serofibrinous peritonitis. 

Vesenteric Lymph-Nodes.—All enlarged and firm. The largest node measures 
about 1.5 em. in diameter. This is rather soft and on section presents a distinct 
caseous center. The other lymph-nodes are firm and of almost gristly hardness. 
The retroperitoneal Ivmph-nodes along the aorta and the common iliae arteries 
are also enlarged to a diameter varying between 0.5 and 1 em. All are firm in 
consistence. In the region of the hilus of the spleen and the tail of the pancreas 
is found a large mass of enlarged lymph-nodes more or less fused together by 
adhesions between their capsules. These form a tumor about 4 em. in each dimen- 
sion, closely adherent to the adjacent viscera. Two especially large nodes are 
so situated on each side of the portal vein that pressure on this vein was appar- 
ently unavoidable. 

Pleura.—The left pleura contains 200 ¢.c. of yellow fibrinous exudate. The 
right pleura contains about 200 ¢.c. of thin pus. 

Heart.—Weighs 80 gm. Myocardium pale and rather flabby. Otherwise 
normal. 

In the anterior mediastinum is a firm mass measuring 6 by 5 by 2 em. It 
weighs 25 gm. On section it presents a vellowish-white appearance, marked by 
small opaque semicaseous foci which appear partially calcified. This mass corre- 
sponds roughly to the situation of the thymus. 

Lungs.—Left lung shows miliary tuberculosis, Right lung shows consolida- 
tion. The lymph-nodes at the hilus are about 1 cm. in diameter, firm in consis- 
tence and of a peculiar semitranslucent gray color, 

Laryne and Trachea.—These appear normal. Surrounding the esophagus, 
aorta and trachea, particularly on the right side, is a large mass of nodular firm 
tissue resembling that in the anterior mediastinum. This is surrounded by an 
indistinct capsule and is of a pale, yellowish-white appearance on section. Similar 
masses are found extending downwards to the diaphragm on each side of the 
aorta. 

Spleen.—This measures 15.5 by 9.5 by 4 em. The weight is 320 gm. The con- 
sistence is firm. The margins are sharp. ‘The surface is slightly nodular. The 
capsule is markedly roughened, and irregular sheets of fibrin are adherent to it. 
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On section the parenchyma is of a deep reddish color, studded throughout with 
eravish semitranslucent nodules varying from 1 to 4 mm, in diameter. In 
addition to these grayish areas a few small, yellowish, opaque semicheesy nodules 


are tound. 

Liver.—The upper surface is covered with irregular layers of flaky fibrin. The 
consistence is about normal. The weight is 705 gm. The section reveals innumer- 
able small white dots just visible to the naked eye, scattered diffusely throughout 
the entire parenchyma. In addition to these a few slightly yellowish areas, some- 
what larger in size of irregular outline are seen, ‘They are surrounded by small 
hemorrhagic areolae. Numerous enlarged |ymph-nodes, similar to those of the 
mediastinum, are found at the hilus of the liver. None of the nodes show ecase- 
ous changes. 

Pancreas.—tThis organ is rather large and firm in consistence. It is sur- 
rounded by a dense retroperitoneal mass apparently composed of the same tissue 
as the tumor above described. This mass of enlarged ]lymph-nodes closely sur- 
rounds the tail, cementing it to the hilus of the spleen, 

Kidneys, Bladder, Prostate and Testicles appear normal. 

Gastro-Intesttnal Tract.—Stomach and upper part of small intestine normal. 
Beginning about 3 feet from the ileocecal valve numerous small ulcerations with 
fairly clean bases and slightly raised wide margins are encountered. They are 
exceedingly irregular in shape, some are in the long axis and some in the trans- 
verse axis of the ileum. ‘The smallest is a few millimeters in diameter. The 
largest, situated at the ileocecal valve, is several centimeters in circumference. 
‘These ulcerations stop abruptly at the end of the small intestine. Large intestine 
appears somewhat congested, but otherwise normal. 

The Bone Marrow trom the femur is of a bright, raspberry red color and 
shows here and there a few small grayish foci. 


MICROSCOPICAL EXAMINATION 


Npleen.—Shows a chronic miliary tuberculosis with a few recent tubercles 
and many healed and completely cicatrized ones. There is present a fibrosis of 
the Malpighian bodies which is especially interesting in connection with an 
apparently similar fibrosis found in the other lymphoid structures throughout 
the body. 

Avillary Lymph-Nodes.—Section through one of the moderately enlarged 
nodes from the right axilla shows that practically the entire normal structure of 
the lymph-node is obliterated by a diffuse fibrous hyperplasia. The fibrous tissue 
replacement is most marked in the medullary portion, this consisting almost 
entirely of a mass of acellular hyaline fibrous tissue poor in blood-vessels. How- 
ever, fibrosis is also very marked in the cortical zone. No trace of follicles or 
verminal centers are found, and only a few scattered lymphocytes. The cortical 
sinuses, on the other hand, are fairly well preserved, and the external capsule 
is only slightly thickened. The blood-vessels are scanty throughout. The larger 
ones in the medullary region possess markedly thickened, hyaline walls. In the 
more peripheral regions the capillaries are more numerous and are lined by a 
rather prominent layer of endothelium. Scattered sparsely in the thick fibrous 
tissue network composing the bulk of the organ are found (1) numerous flat- 
tened fibroblasts, (2) a few lymphocytes, (3) a very few polynuclear leuko- 
evtes, and (4) a considerable number of very large cells closely resembling those 
supposedly characteristic of pseudoleukemia. ‘These cells are ten or fifteen times 
the diameter of a lymphocyte. They possess one or more large, deeply-staining, 
multilobed nuclei, which in some cases occupy almost the entire cell body and 
reauce the cytoplasm (which also stains deeply) to a thin peripheral zone. 
Eosinophils and plasma cells are absent. No Langerhans gant cells or anything 
resembling a tubercle could be found. 

Section from a larger and softer node shows a somewhat different picture. 
The fibrous tissue hyperplasia, although marked, is less diffuse in distribution. 
It forms scattered and confluent nodules of loose texture enclosing numerous 
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necrobiotic lymphocytes and capillaries. Between these large irregular necrotic 
areas is found diffusely fibrosed lymphadenoid tissue, and, bordering them, an 
irregular zone of epithelioid cells. No large cells either of the Langerhans or 
the pseudoleukemie type were found. 

Mesenteric Node.—Section through the cheesy mesenteric node shows a fairly 
typical picture of chronic fibrocaseous tuberculous lymphadenitis. The cheesy 
central portion is surrounded by a rather dense fibrous capsule containing areas 
of beginning calcification. External to this is a zone of lymphoid tissue show- 
ing only moderate hyperplasia and containing typical discrete tubercles, Langer- 
hans giant cells, ete. There are found in addition a few cells similar to those 
in the axillary nodes. 

Retroperitoneal Lyimph-Nodcs.—The retroperitoneal lymph-nodes as well as 
those of the lesser omentum, hilus of the spleen, ete., all show practically the 
same histologic picture, i. e., a complete replacement of lymphoid tissue by 
large masses of dense hyaline connective tissue poor in cells and in blood ves- 
sels. Near the surface particularly the tissue is arranged in a somewhat nodular 
form (suggesting the shape of the original follicles) and a somewhat more cell- 
ular connective tissue separates these nodules. Here and there small necrobiotie 
and calcified areas are found, but no typical tubercles. 

A guinea-pig injected intraperitoneally with an emulsion made from one of 
these glands died in three days of a general purulent peritonitis. 

Vediastinal Glands.—The large masses found in the posterior and anterior 
mediastina in general resemble the enlarged nodes of the abdomen, but the fibrosis 
is more marked. Practically the entire mass is made up of dense finely fibrillar 
or hyaline connective tissue containing a few flattened connective tissue corpuscles 
and thick walled capillaries. Here and there rather extensive calcific deposits 
and oceasionally irregular areas of necrosis are encountered. No trace of the 
original structure of the lymph-nodes is to be made out, and no tubercles are tu 
be found. 

Liver.—In general the liver shows lesions of the same character as those of 


the spleen. Scattered throughout the organ, in the interlobular and periportal 


A 


connective tissue, are found numerous perfectly typical miliary tubercles com- 
posed of Langerhans giant cells and epithelioid cells. There are in addition 
nodules of hyaline sear tissue and between these and the tubercles almost every 
gerade of transition is to be seen. 

Lungs.—The lungs show a chronic miliary tuberculosis and an acute lobular 
pneumonia. 

Intestine.—Section through one of the ulcers shows that it is evidently due 
to a fairly recent, localized, suppurative inflammation, probably originating in 
the lymph-follicles or Peyer’s patches. In the submucosa a large accumulation 
of degenerated polymorphonuclear leukocytes is found; it is surrounded by a 
fibrous layer of granulation tissue infiltrated by small round cells and plasma 
cells. The mucous membrane covering the peripheral portion of the nodules is 
flattened and congested. ‘That of the central portion is lacking, its place being 
taken by a layer of suppurating granulation tissue. Nothing is found to sug- 
gest a tubercle. 

Sections from ulcers stained by the Gram-Weigert method, show short chains 
of streptococei and slender bacilli within the leukocytes. These are found in 
greater numbers on the ulcerated surface. 

Anatomical Diagnosis: 

Acute lobular pneumonia. 

Serofibrinous pleuritis. 

Serofibrinous peritonitis. 

Chronie miliary tuberculosis of the lungs, liver and spleen. 

Generalized fibrous hyperplasia of lymphoid tissue [pseudoleukemia (7?) ], 
especially of mediastinal and abdominal lymph-nodes. 
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The chief object in reporting this case in some detail is to call 
attention anew to the difficulty of classification of tuberculosis combined 
with atypical changes in the lymphatic system, of which it is an example. 
Miliary tuberculosis of the lungs, liver and spleen is here combined with 
general glandular changes that closely resemble those found in the con- 
dition called “pseudoleukemia.” Much confusion has arisen concerning 
this term and concerning the diseases that should be classified under it. 
In a recent and excellent review of the subject Hans Hirschfeld’ points 
out that Cohnheim insisted that the diagnosis of “pseudoleukemia” 
should be reserved for those cases resembling leukemia very closely but 
not presenting the leukemic blood picture. Tuberculosis, syphilis and 
new growths of the lymphatic system should not be included under 
“nseudoleukemia,” according to Cohnheim’s teaching. On the other 
hand, Naegeli, although agreeing in the main with Cohnheim’s classifi- 
cation, does include these affections under “pseudoleukemia.” Many of 
the more recent workers in the field (Tiirk, Orth, Naunyn and others) 
find pseudoleukemia so misleading a term that they propose it shall be 
entirely discarded. They suggest that, in its place a clear descriptive, 
histologic nomenclature should be given to the diseases of the lymphatic 
system. Based on this work as well as on his own observations, Hirsch- 
feld suggests the following classification for diseases of the lymphatic 
system formerly grouped under “pseudoleukemia” : 

1. Aleukemia. (Diseases with leukemic changes in the blood-forming 
organs, without a leukemic blood picture.) 

. Malignant granulomas. 

. Tuberculous lymphomatosis. (Tuberculous pseudoleukemia. ) 
Syphilitic lymphomatosis. (Syphilitic pseudoleukemia. ) 
Generalized endothelioma of the lymph-nodes. 

6. Splenomegalies which are not leukemic. 

It is at once apparent that the case here reported cannot definitely 
be placed in one of these categories. Should it be called an instance of 
aleukemia with accompanying tuberculosis of the lungs, liver and spleen, 
or one of tuberculous lymphomatosis? What role does the existing 
tuberculosis play? That tuberculosis of various organs may accompany 
diseases of the lymphatic system is well known; indeed some authors 
(Sternberg) mention that tuberculosis is an important factor in their 
causation. 

I believe that enough has been stated to show that cases such as the 
one here described cannot be definitely classified at the present time. and 
that no satisfactory classification will exist until the etiology of the 
affections of the lymphatic system has been determined. 


701 Madison Avenue. 


1. Hirschfeld, Hans: Ergeben. f. inn. Med. u. Kinderh., 1911, vii. 
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WHY SODIUM CITRATE PREVENTS CURDLING OF MILK 
BY RENNIN * 


ALFRED W. BOSWORTH, A.M., ann LUCIUS L. VAN SLYKE, Pu.D. 


GENEVA, N. Y. 


The practice of adding sodium citrate to milk used as infant food has 
been common for many years. It has found application especially in 
the treatment of certain types of “feeding-cases” in which untreated 
milk, after entering the stomach, forms abnormally large chunks of 
tough curd, shown by Talbot! to consist of casein. These lumps of curd 
may pass practically unchanged through the entire intestinal canal, 
causing mechanical irritation, which often results in serious interference 
with the process of normal digestion. Empirical practice has shown that 
this abnormal curdling of milk may, to some extent, be modified or con- 
trolled by the addition of sodium citrate at the rate of 1 or 2 grains per 
ounce of milk. While various suggestions have been offered to explain 
the results observed, these have been based so little on demonstrated 
chemical facts as to partake largely of the nature of guesswork. 

In our work? on the compounds of casein and paracasein we obtained 
certain results which appeared to suggest a simple and _ satisfactory 
explanation of the marked effect produced by the addition of sodium 
citrate to milk. Work has been done to test the application of the 
suggested explanation and the results are presented in this paper. 

In order that the details of our investigation may be more readily 
understood we will call attention to certain fundamental facts which 


have been brought out in our former work before we give the details of 


our present investigation. In the work to which reference is made in 
the paragraph preceding, the following points may be regarded as being 
established as far as the data now at hand enable us to reach any 
conclusions : 

1. Casein is a protein showing the characteristic property of an acid 
in that it combines with metals or bases to form compounds known as 
caseinates. 


* Submitted for publication Jan. 11, 1914. 

* From the Chemical Laboratory of the New York State Agricultural Experi- 
ment Station, Geneva, N. Y. 

1. Talbot, F. B.: Boston Med. and Surg, Jour., June 11, 1905, p. 205, and 
Jan. 7, 1909, p. 13. 

2. Van Slyke and Bosworth: Jour. Biol. Chem., 1913, No. 14, p. 206, and 
Technical Bull. No. 26, N. Y. Agricultural Experiment Station; also Bosworth: 
Jour, Biol. Chem., 1913, No. 15, p. 231, and Technical Bull. No. 31, N. Y. Agri- 
cultural Experiment Station. 
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2. The molecular weight of casein is 8888, and it can combine with 
eight equivalents of a monovalent metal or base. For example, the com- 
pound of casein containing the largest amount of a monovalent metal 
like sodium could be represented by the formula Na, casein (sodium 
caseinate) ; the corresponding calcium compound is Ca, casein (calcium 
caseinate). 

3. Casein is present in milk in combination with calcium as calcium 
caseinate. It has not been definitely settled yet which particular com- 
pound is in milk, but it is probably either tetra-calcium or tri-calcium 
caseinate. 

4. When the calcium caseinate of milk is acted on by rennin, it is 
changed into another compound called calcium paracaseinate. By this 
action one molecule of calcium caseinate is split into two molecules of 
calcium paracaseinate. Thus, assuming for the sake of our illustration, 
that the caseinate present in milk is the tetra-caleium compound, we can 
represent the change from calcium caseinate to calcium paracaseinate in 
the following manner: 


Ca, caseinate = Ca, paracascinate + Ca, paracaseinate. 


5. Paracasein, like casein, possesses acid properties, but has a molec- 
ular weight of 4444, only one-half that of casein. Paracasein, as an 
acid, has only one-half the combining power of casein; that is, its highest 
combining power is equal to four equivalents of a monovalent metal; for 
example, Na, paracasein (sodium paracaseinate), Ca, paracasein (cal- 
cium paracaseinate ). 

6. Calcium paracaseinate is less soluble than the corresponding cal- 
cium caseinate present in milk from which it is formed, and, therefore, it 
is precipitated as a solid, or, in ordinary language, the milk curdles. 

?. If rennin is added to a solution of sodium caseinate, the caseinate 
is split into two molecules of sodium paracaseinate (for example, Na, 
caseinate == Na, paracaseinate + Na, paracaseinate), but no precipita- 
tion or curdling takes place. This is explained by the fact that sodium 
paracaseinate is very soluble. If, however, to this same solution of 
sodium paracaseinate we add a small amount of some soluble calcium 
salt (calcium chlorid, for example), curdling occurs at once, the curd 
being caleium paracaseinate. This precipitation or curdling is the result 
of a chemical reaction or double decomposition, which can be illustrated 
in the following manner: 


Sodium paracaseinate (soluble) + caleium chlorid = ecaleium paracaseinate 
(insoluble) + sodium chlorid. 


This reaction or equilibrium can be made to proceed in either direc- 
tion at the will of the experimenter; for example, addition of excess of 
sodium chlorid changes insoluble calcium paracaseinate back into soluble 
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sodium paracaseinate. These facts appeared to us to furnish an explana- 
tion of the action of sodium citrate when added to milk, in that there 
is formed calcium citrate and sodium caseinate, which latter compound 
is converted by rennin into sodium paracaseinate, a compound so soluble 
as not to curdle or form a precipitate. This hypothesis furnished the 
basis of our present investigation. 

The facts stated above raise the query whether or not sodium citrate 
reacts with the calcium caseinate in milk to form sodium caseinate and 
calcium citrate? If such a reaction takes place, we should be able to 
determine the amount of calcium thus transferred from the caseinate to 
the citrate. How this determination can be made we will indicate briefly. 

When milk is filtered under pressure through unglazed porous por- 
celain (in the form of a Chamberland filter), the serum containing the 
filterable soluble portions passes through the filter, while the insoluble 
portion, consisting largely of caseinate and insoluble calcium phosphate, 
remains on the filter. If, therefore, milk treated with sodium citrate is 
filtered through a Chamberland filter, the amount of calcium in the 
filtered serum should increase with the amount of citrate added up to a 
certain point, provided that calcium citrate (or, perhaps, a double salt 
of calcium sodium citrate) is formed. It may be added here that calcium 
citrate is soluble to the extent of about 0.090 gm. per 100 c.c. of water 
at ordinary room temperatures, while the amount of calcium citrate 


? 


formed by such a reaction in milk containing 3.2 gm. of casein per 


100 c.c. has been found by us to be not over 0.066 gm. per 100 c.c.; it all, 
therefore, remains in solution, passing through the filter into the serum. 

If, then, we determine in milk the amount of soluble and insoluble 
calcium and then add to the milk sodium citrate, filtering and determin- 
ing the calcium in the filtrate, there should, on the basis of our hypoth- 
esis, be an increased amount of calcium in the filtrate, showing how 
much calcium is transferred from the form of calcium caseinate to the 
form of calcium citrate. 

In carrying out our experimental work, we proceeded in the following 
manner: Fresh separator skim-milk was used, in which the amounts of 
casein, soluble and insoluble calcium, magnesium and phosphorus were 
determined. To prevent bacterial action, 3 c.c. of 40 per cent. formal- 
dehyd solution was added to each liter of milk. The milk was then 
divided into nine equal parts and to each part was added, in varying 
amounts, crystallized sodium citrate (containing 27.7 per cent. of water 
of crystallization), as indicated in the table given below. The milk was 
then allowed to stand long enough for the reaction to reach equilibrium. 
Each portion was then filtered through a Chamberland filter and the 
amounts of calcium, magnesium and phosphorus were determined in the 
filtered serum. The results are given in Table 1. Experiments were 
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also made to test the effect of sodium citrate on the curdling action of 
rennin, the results of which are given in Table 2. 

Attention is called to the following points in connection with a study 
of the results contained in Table 1. 

1. Changes in solubility of calcium. In the columns headed “cal- 
cium” we give the amounts of soluble and insoluble calcium in the 
original untreated milk used in the experiments, and then, following, the 
amounts of soluble and insoluble calcium in the milk after treatment 
with amounts of sodium citrate varying from 0.130 to 1.040 gm. per 
100 c.c. of milk (equivalent to 0.55 to 4.40 grains per ounce of milk). 
As previously stated, the soluble calcium is the portion appearing in the 
serum after filtering the milk under pressure through a Chamberland 
filter, while the insoluble calcium is that which fails to pass through the 


TABLE 2.—EFFEcT OF SopIUM CITRATE ON THE CURDLING OF MILK BY RENNIN 





Experi- | Grams of Sodium Equal to Grains | annaryrie of | Minutes 
pon ae Cente Milled ts of Sodium Citrate | Rennet Solution | Required 
To af 100 ce ‘a Milk in 1 Ounce of | Used Per 100 for Milk to 
aia sie in a Milk | ee. of Milk | Curdle 


6 
7% 
81, 
11 
31 
a 
47 
62 
ecurdled 
curdled 
eurdled 


0.0 

0.050 
0.100 
0.150 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 








2 
2 
9 
9 
” 
2 
2 
” 
2 
9 
9 


filter. An examination of the figures in the table shows that the amount 
of soluble calcium in 100 e.c. of the original milk is 0.045 gm. and this 
increases quite uniformly after each addition of increasing amounts of 
sodium citrate, the insoluble decreasing in essentially the same amounts. 
The only interpretation of these results that we can give is that some of 
the calcium of the caseinate or phosphate in the milk has been replaced 
by the sodium of the added citrate in the manner already discussed. 

2. Changes in solubility of phosphorus. The question suggests itself 
as to whether or not the increase of soluble calcium may come from 
action of sodium citrate on the insoluble calcium phosphate in the milk, 
forming sodium phosphate and calcium citrate. An examination of the 
figures in the columns under “Phosphorus” shows that there is no 
increase of soluble phosphorus until we have added more than 0.520 gm. 
of sodium citrate per liter of milk (equivalent to 2.20 grains per ounce), 
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an amount sufficient to prevent curdling, and even with larger additions 
the increase of soluble phosphorus is relatively small. The increase of 
soluble calcium comes, therefore, largely from the calcium that is com- 
bined with casein in the milk. 

3. Changes in solubility of magnesium. Owing to the small amount 
of magnesium in milk, the observed increase of solubility is slight but is 
in the direction shown by calcium, which would be expected. 

In Table 2 we give the results obtained by treating 100 c.c. of milk 
with 2 ¢.c. of rennet solution (Shinn’s liquid rennet) at 37 C. (98.8 F.). 
The rennet test was applied to untreated milk and also to samples of 
milk containing the varying amounts of crystallized sodium citrate given 
in the table. 

Inspection of the results in this table makes it obvious that the 
presence of sodium citrate in milk, even in smal] amounts, delays very 
markedly the time of rennet curdling, while increase of citrate increases 
the time required for curdling, until we reach a point (0.400 gm. per 
100 ¢.c. of milk or 1.7 grains per ounce), where no curdling takes place 
under the conditions of our experiments. It should be stated, in addi- 
tion, that the character of the curdled milk varied in a characteristic 
way with the amount of sodium citrate added. Sample 1, untreated 
milk, gives a firm curd; the treated samples give curd of increasing 
softness with increase of sodium citrate. 

The experimental results embodied in Tables 1 and 2 show that when 
sodium citrate is added to normal milk, (1) the amount of soluble cal- 
cium increases; (2) this increase is largely due to reaction of sodium 
citrate with the caleium caseinate in the milk, forming sodium caseinate 
or a double salt (calcium-sodium caseinate) and calcium citrate; and (3) 
use of increased amounts of sodium citrate lengthens the time required 
for the milk to curdle with rennet action or entirely prevents the 
curdling. 

Without going into full details, it will answer our purpose here to 
offer, on the basis of the facts developed, the following explanation as 
to why the presence of sodium citrate in milk delays or prevents curdling 
by rennin: Knowing the amount of soluble calcium formed by addition 
of sodium citrate to milk and knowing also the amount of casein present, 
we are able to ascertain that, at the point at which the rennet solution 
fails to curdle the milk, we have in place of the calcium caseinate of the 
normal milk a double salt of calcium sodium easeinate. This double 
salt, on addition of rennin, forms a calcium sodium paracaseinate con- 
taining one equivalent of sodium; and this compound, owing to the 
presence of the sodium, is not curdled by rennin. The increasing soft- 
ness of the curd, accompanying the addition of increasing amounts of 
sodium citrate, is due to the presence of increasing amounts of calcium 
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sodium paracascinate. A point is finally reached when all the calcium 
caseinate becomes calcium sodium paracaseinate and the milk fails to 
curdle. 

SUMMARY 


1. The addition of sodium citrate to milk in infant feeding is a 


frequent practice in cases in which the use of normal milk results in 


the formation of large lumps of tough indigestible curd in the stomach. 
The favorable results attending such use of sodium citrate have never 
been explained on the basis of actual investigation. 

2. Work previously done by the authors suggested a chemical explan- 
ation of the observed facts and led them to test the matter by an experi- 
mental study of the action of sodium citrate on milk. 

3. The addition of sodium citrate to normal milk increases the 
amount of soluble calcium in the milk, this increase resulting from a 
reaction between the calcium caseinate of the milk and sodium citrate, 
bv which is formed sodium caseinate (or calcium-sodium caseinate) and 
calcium citrate. The reaction is reversible. 

1. The curdling of milk by rennin is delayed by the presence of 
sodium citrate; when there is added 0.400 gm. of sodium citrate per 
100 c.c. of milk (equal to 1.7 grains per ounce), no curdling takes place. 
5. The curd produced by rennin in the presence of small amounts of 
sodium citrate (0.050 to 0.350 gin. per 100 ¢.c. or 0.20 to 1.5 grains per 
ounce) increases in softness of consistency as the amount of sodium 
citrate in the milk increases. 

6. The results of our work indicate that at the point at which rennin 
fails to curdle milk we have in place of the calcium caseinate of normal 
milk a double salt of caleium-sodium caseinate; this double salt, when 
rennin is added, is changed to a calcium sodium paracaseinate which, 
owing to the presence of the sodium, is not curdled. 

%. The practice of adding sodium citrate to milk at the rate of 1 to 2 
grains of citrate per ounce of milk appears to have a satisfactory chemical 
basis in the reaction between the sodium citrate and the calcium casecinate 
of the milk. The amount added is governed by the object in view, viz., 
whether it is desired to prevent curdling or only modify the character 


of the curd in respect to softness. 





GASTRIC DIGESTION IN INFANTS * 
MILTON HAHN, MD. _ 
WASHINGTON, D. C. 


‘The prevailing views on gastric digestion in infants may, I believe, 
be fairly stated by quoting from a recent text-book on pediatrics :' 


The opinion has been steadily gaining ground that the function of the stom- 
ach is largely that of a reservoir. . . . . . . ‘The only part of the food 
acted on in the stomach is the proteids, which are transformed successively into 
acid-albumins, albumoses, and peptones. ‘This is accomplished by the agency 
ot the pepsin and the acid of the gastric juice — generally hydrochloric acid, 
although lactic acid may take its place. . . . . . . ‘The reaction of the 
stomach contents in fasting is acid, and at this time usually HCl] can be demon- 
strated; soon after a meal of human milk it is alkaline or neutral; after one 
of cow’s milk it is acid or neutral. In fifteen minutes after feeding the reac- 
tion is always acid. Free HCl can usually not be demonstrated until about one 
hour after feeding; then only in very small quantities and in very many cases 
not at all. Some good observers go so far as to say that in health free HC] is 
never present during digestion. ‘The reason for this is apparently that the acid 
combines with the casein of the milk, that of cow’s milk in particular having 
a great power of combining with HCl. . . . . . . The coagulation of the 
milk in the stomach is accomplished through the agency of the rennet ferment. 
This is independent of both the pepsin and the acid of the gastrie juice. It 
acts in acid alkaline and neutral media. . . . . . . The existence of a fat- 
splitting ferment in the stomach of infants is now generally admitted, though 
it plays but a small role in digestion. 


Some of the above statements require modification in the light of 
recent studies; and the methods which have been employed by investi- 


gators of this subject are now open to criticism. Excellent historical 
reviews of the literature have been published by Henry Heiman? and 
T. Wood Clarke. The chief points of criticism of the usual methods 
of gastric analysis may be grouped under several headings: 

1. Acidity: This has been studied almost exclusively by titration 


methods, which, it must be admitted, have given results of clinical value 
in the study of the adult stomach. I will show, however, that in infants 
at least more accurate and useful information may be gained by studying 
the gastric acidity from a different angle. 

2. Ferments: These have usually been studied only qualitatively. 
It seems certain that all the gastric ferments are present at all ages and 
practically under all conditions. More information can be gained by 

*From the Waisenhaus und NKinderasyl, Berlin; Prof. Dr, Hl. Finkelstein, 
director. 

* Submitted for publication Jan. 21, 1914. 

1. Holt: Diseases of Infancy and Childhood, 1911. 

2. Heiman, Henry: Trans. Am. Ped. Soe., 1910, xxii, 17. 

3. Clarke, T. Wood: Am. Jour. Med. Se., ‘N. S., 1909, exxxvii, 872. 
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quantitative determinations and we have simple methods for this pur- 
pose. The importance of pepsin has been generally emphasized, but it 


will be shown that this ferment must be relatively inactive under the 
conditions present in the infant’s stomach, and so should be regarded as 
secondary in importance to both rennet and lipase. 

3. Motility: Motility will not be considered in this paper, but studies 
which are being made in this field by the use of radiography appear to 
give more dependable results than can be obtained with the stomach tube. 

If. Davidsohn, working in Finkelstein’s clinic, has outlined a method 
for gastric analysis in infants which he has presented in a recent publica- 
tion, and which makes use of newly acquired knowledge of ferments and 
of modern technic for the study of ferments.* It is adapted for clinical 
purposes and seems to offer improvements over the usual methods of 
analysis along the lines indicated in the above criticism. Dr. Davidsohn 
concludes his article by announcing his intention of applying the routine 
described by him to the study of infants under various conditions. It 
was my task to examine a series of normal infants. Before giving my 
results, however, I wish to discuss briefly the main points in the method. 

Acitdtty—The functional significance of the acidity of the gastric 
juice is that it activates the contained ferments. Modern chemistry has 
shown that the degree of acidity of a solution depends on the concentra- 
tion of the dissociated hydrogen ions. The inadequacy of titration for 
determining the true acidity of the gastric juice is well illustrated by 
Michaelis and Davidsohn in the following example :° 

If one titrates 10 e.c. n/10 HCl against phenolphthalein, one must use 10 e.c. 
n/10 NaOH. If one titrates 10 ¢.c. n/10 acetie acid, one must use the same quan- 
tity of NaOH. And yet no one can doubt that the HCl is a very much stronger 
acid solution than the acetic acid. But if one titrates against methyl orange, 
one must again use for the HCl] 10 ¢.c. NaOH; the acetic acid shows no acidity at 
all, Without giving more examples, one sees from this that the titration acidity 
and the real acidity are two quite different things. The titration acidity is a 
quite artificial conception, depending on the manipulation of the titration and 
the artificial condition produced thereby in the solution. . . . . . . The 
real acidity, for example, of equivalent HCl and acetie acid solutions is, in spite 
of the same titration values against phenolphthalein, enormously different, 
because a n/10 HCl solution is 91 per cent. dissociated into ions, while a n/10 
acetie acid solution is only 1.4 per cent, dissociated, 

The same writers have further shown the fallacy in differentiating 
between combined and free acid. When molecular equivalent amounts of 
casein and HCl are combined, the resulting solution is weakly acid owing 
to the dissociated H-ions. These free H-ions alone are of importance in 
determining the efficient acidity of the solution. 


1. Davidsohn, H.: Ztsehr. f. Kinderh., 1913, ix, 470. 
5. Michaelis, L., and Davidsohn, H.: Ztschr. f. exper. Path. u. Therap., 1910, 


vil, 398. 
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Gastric acidity has been measured in terms of H-ion concentration 
by F. A. Hoffman® in 1889, and by B. Moore’ in 1905. These investiga- 
tors used the method of measuring the velocity of the hydrolysis of 
methyl-acetate. Michaelis and Davidsohn used the electro-metric method, 
which is more convenient and more accurate. The details of this method 
are described in Abderhalden’s handbook.* It consists essentially in 
measuring the difference in electric potential between a normal hydrogen 
electrode and one immersed in a solution of unknown H-ion concentra- 
tion. ‘This method requires a rather complicated set of apparatus and 
considerable skill in physical-chemical technic and so is not practical for 
ordinary clinical work. A far more suitable method is the indicator 
method, which is very simple, and accurate enough for clinical purposes. 
It consists in noting the color changes produced by adding various indi- 
cators to the solution without titration and comparing them with a table 
constructed from solutions whose acidity has been determined electro- 
metrically. As albumin and salts in solution are a source of error, the 
table must be modified for solutions of a given type. Such modifications 
have been made by Michaelis and Davidsohn for adult gastric contents, 
and by Davidsohn for the stomach contents of infants. 


INDICATORS FOR GASTRIC CONTENTS OF INFANTS 
(H) Methyl-orange Paranitrophenol Lacmus 

0.3 x 10° yellow dark green blue-violet 
0.3-1.0 * 10% yellow light green red-violet 
1.0-7.0 X 10 yellow colorless pink 
7.0-20.0 * 10-5 orange colorless pink 
20.0-60.0 X 10° orange-red colorless pink 

‘he hydrogen-ion concentration, indicated by the symbol (H) in the 
table is expressed in terms of gram-ions. (One gram-ion of hydrogen, 
atomic weight = 1, is equivalent to 1 gram per liter.) It is customary to 
abbreviate small decimal fractions by using negative coefficients of 10, as 
10°°—0.1, 1070.01, ete. The indicators used are methyl-orange 
1.25 per cent. in aqueous solution; paranitrophenol 1.25 per cent. in 50 
per cent. alcohol; and tincture of lacmus, formula of Kubel-Tieman 
von Kahlbaum. The gastric contents are filtered and diluted two and a 
half times. This is for the purpose of counteracting the small error 
caused by the albumins and salts in solution and by the slight color tint 
of the gastric juice, and this degree of dilution has been shown to produce 
no change in the H-ion concentration. The technic is quite simple; 
2 drops of each indicator are added to 21% c.c. of the diluted gastric juice, 
in small test-tubes and the colors noted by reflected day-light. The 
acidities in my tables have all been determined electrometrically by Dr. 


6. Hoffman, F. A.: Centralbl. f. klin. Med., 1889, xi, 793. 
7. Moore, B.: Proce. Roy. Soe., Lond., 1905, Ixxvi, 138. 
8. Abderhalden, E.: Handb. d. Biochem. Arbeitsmethod., 1913. 
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Davidsohn, who has kindly permitted me to publish his figures. They 
agree very well in all cases with simultaneous determinations made by 


the indicator method. 

The acidities in this series are remarkably constant, approximating 
the value (H) = 1.0x10°. This is in striking contrast to the great varia- 
tion in acidity found by previous observers and indicates that the 
determination of the H-ion concentration is a distinct advance over the 
titration methods for this purpose. From the results of this series of 
analyses (H) = 1.0x10° may be regarded as the normal reaction at the 
height of digestion for infants fed on 14 milk and 24 milk. Salge® has 
confirmed this value for infants on an exclusive milk dict, but finds 
higher acidities in children who are getting other foods. A study of 
the action of the gastric ferments will show that this degree of acidity ts 
the most favorable for the gastric digestion of infants. Each ferment 
has an optimum reaction for its activity, which is as constant as, for 
example, the optimum temperature for the growth of bacteria. The 
optimum reaction for pepsin is (11) = 1.6x10°; the limits of reaction® 
at which this ferment is active are 3x10°, and 1.4x10°. At (H) = 
1.0x10°5, the normal reaction of the infant’s stomach, pepsin is inert, 
showing the relative unimnortance of this ferment for infants. Experi- 
mental evidence in support of this statement is given by Davidsohn, who, 
working with casein and gastric juice of infants at low acidities, was not 
able to demonstrate an appreciable amount of digestion. The acidity 
found, is, however, the optimum reaction for the coagulation of milk by 
rennet, as determined by Van Dam, who also discovered that rennet mav 
cause a slight gradual digestion of casein, which proceeds optimal at the 
same reaction.’° This is also the optimum reaction for gastric lipase, 
while that for panereatic lipase is a much lower H-ion concentration, 
which fact indicates a simple means of differentiating these two fer- 
ments.’? The acidity (H) 1.0x10°, which I have found constantly at 
the height of digestion in the stomachs of infants examined by me, is, 
then, the optimum reaction for all ferment activities that participate in 
the gastric digestion of infants, i. e., for the coagulation of milk and the 
digestion of casein by rennet and for the splitting of fats by gastric 
lipase. 

LIipase.—Was determined quantitatively by the stalagmometric 
method described in Abderhalden’s handbook. This method is quite 
simple in spite of its formidable name. It depends on the diminution in 
surface tension effected in a saturated tributyrin solution by the action 
of a lipolytic ferment. The lipase content is calculated in terms of a 


9. Salge: 1912, iv, 171. 
10. Van Dam: Ztschr, f. physiol. Chem., 1912, Ixxix, 247. 
11. Davidsohn, H.: Biochem. Ztschr., 1913, xlix, 249. 
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standard lipase solution whose strength is such that 1 ¢.c. acting on 
60 cc. of a saturated tributyrin solution for sixty minutes under the 
given conditions, will split 80 per cent. of the tributyrin. This standard 
solution has the empirical value—100. The only apparatus required is 
a simple dropping pipet ; the technic is easily learned and the results are 
accurate. With each determination of gastric lipase there has also been 
made a parallel determination of pancreatic lipase to avoid the error 
which might arise from regurgitation of duodenal juice into the stomach. 
This, however, rarely occurs in infants.’*»* Lipase is of growing impor- 
tance in the study of gastric digestion of infants. A fat-splitting enzyme 
was demonstrated in the stomach by Volhard’® in 1901, and the activity 
of this enzyme was first studied in infants by Sedgwick"* in 1906. 
Sedgwick and other investigators'® have found that there is a considerable 
splitting of fat in the infant’s stomach, as the fat ef milk is present in a 
finely divided, emulsified condition, and so readily acted on by ferments. 
Sedgwick and Schlutz'® have further shown that the gastric lipase 
increases the activity of the pancreatic lipase. Finally the importance 
of this ferment for the gastric digestion of infants may be assumed from 
our clinical experience that a high fat content in the food causes gastric 
indigestion, i. e., vomiting. It has been shown experimentally that the 
length of time the food remains in the stomach increases with the fat 
content of the milk.?? 

Pepsin and Rennet.—Was determined quantitatively by the edestin 
method of Fuld and Lewison, the details of which may also be found in 
Abderhalden’s handbook. This method consists in subjecting edestin in 
amounts of 2 ¢.c. each, in n/30 HCl at 37 C., to the action of a series of 
dilutions of the stomach contents, the dilutions increasing in a geomet- 
rical progression. The pepsin content is calculated in terms of a stand- 
ard pepsin solution which is given the empirical value—1. The strength 
of the standard pepsin solution is such that 1 ¢.c. under the given con- 


ditions will just digest 2 ec. of edestin in one hour. Although the 


identity of pepsin and rennet has not been proven, it has been shown 
that the two ferments are always present in corresponding amounts.’® 
The pepsin determination therefore suffices for both. Pepsin is appar- 
ently not an important agent in the gastric digestion of infants. The 

12. Reiche, A.: Ztsechr. f. Kinderh., 1913, vi, 235. 

13. Volhard: Ztschr. f. klin. Med., 1901, xlii, 14, and xliii, 397. 

14. Sedgwick, J. P.: Jahrb. f. Kinderh., 1906, Ixiv, 194. 

15. Heinsheimer: Miinchen. med. Wehnschr., 1906, xix, 949; Uffenheimer: 
Ergebn. d. inn. Med. u. Kinderh., 1908, ii, 271. 

16. Sedgwick and Schlutz: Am. Jour. Dis. CuIvp., 1911, ii, 243. 

17. Tobler and Bogen: Monatschr. f. Kinderh., 1908, vii, 12. 

18. Oppenheimer, C.: Die Fermente, Leipsic, 1913, 





310 AMERICAN JOURNAL OF DISEASES OF CHILDREN 


reasons for this opinion have been stated. On the other hand, coagulation 
by rennet is evidently an essential part of the digestion of milk, although 
the purpose of this process is at present not clear. 


RESULTS OF ANALYSES 


In Table 5 are given the results of my analysis of ninety-four speci- 
mens of stomach contents from thirty-seven infants. For the acidities, 
determined electrometrically, I am indebted to Dr. H. Davidsohn, who 
also supervised the entire series of analyses. The original purpose of 
the examinations was to obtain a series of what might be regarded as 
standard analyses from normal breast- and bottle-fed babies. This plan, 
however, could not be carried out. For obvious reasons it is difficult to 
obtain a large number of breast babies for such a study; the infants in 


TABLE 1.—ONeE-TuiIrp CREAM-MILK FEEDINGS (1; C. M.) 

250 ¢.e. milk; 100 ¢.c, 28 per cent. cream; 650 ¢.c. water; 5 per cent. milk- 
sugar or “Niihrmaltos.” Percentage composition: protein, 1.5 per cent.; fat, 
3.8 per cent.; carbohydrate, 6.5 per cent. 

Age No. 

Month Analyses Lipase Rennet-Pepsin Acidity (H) 

PSG ..<.. . 4.8 ( 0— 15)* 21.3 (10— 25) 0.7X10- (0.4—1.1XK 10") 
Se 5.8 11.8 ( 0— 40) 0.9X10~ (0.2—1.9 X 10-5) 
3d-4th 58. — 94) 30.1 (10—100) 1.510 (0.2—9.8 x 107) 

*In Tables 1 and 2 the mean values are given and in parentheses the lowest 
and highest values. 


TABLE 2.—Two-Tuirps Mirk Feepincs (%% M.) 


650 ec. milk; 350 ¢.c. water; 5 per cent. “Niihrmaltos.” Percentage compo- 
) per cent.; carbohydrate, 7.5 per cent. 


sition: protein, 2.5 per cent.; fat, 2. 


Age No. 
Month Analyses Lipase Rennet-Pepsin Acidity (TH) 
4th- 6th 17 123 (64—209) 74.4 (30—100) 1.5X10- (0.2— 2.6107) 
7th- 9th 17 97.7 (47—220) 77.8 (10—300) 2.1X10-5 (0.2—11.8X10%)7f 


+ 


10th-11th 11 105.5 (50—212) 77.2 (16—120) 2.910 (0.2—15.9X10°)f 
+ Eliminating the exceptional value 11.8 X 10 gives the mean value 1.5 X 10°. 
t Eliminating the exceptional value 15.9 X10 gives the mean value 1.5 X 10”. 


the series are all artificially nourished. Moreover, they are not strictly 
normal, but are for the most part somewhat underdeveloped children 
such as are commonly found in foundling institutions. They were, 
during the period of study, free from manifest signs of infection, nutri- 
tional disturbance or constitutional disease. 

The test meals consist chiefly of 14 milk and 2% milk according to 
the age of the children. According to experiments on Pawlow fistula 
dogs, the stomach attempts to pour out a secretion which is adapted to 
the usual food of the individual. It seems most practical to study the 
function of the stomach under physiological conditions; that is, to study 
the reaction of the stomach to the usual food of the infant. The com- 
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position of 14 cream-milk (14 C. M.) and 24 milk (24 M.) is given in 
Tables 1 and 2. There are a few cases on whole milk (W. M.) and 
albumin milk (A. M.) ; these are, however, too few to be of much signifi- 
cance. The amount of the feedings varies and is controlled by the 
appetite of the children. This did not influence the results; compare 
Nos. 7-8, 18-21, 22-26, in Table 3, which present uniform values 
with varying size of test meals. The stomach was emptied as completely 
as possible with a catheter, No. 20 F., no attempt being made to study 
motility. ‘The contents were removed at different intervals of time after 
feeding, but always at what was considered the height of digestion, which 
remains constant for some time. ‘That this variable factor was not a 
source of error is again seen in the table by comparing analyses which 
show uniform results with different periods of digestion, Nos. 35-37, 
38-41, 69-71, 92-94. Specimens removed too late were discarded, 
as with small amounts of material the technical errors are magnified. 
Figures in the table showing duration of digestion are counted from the 
end of feeding to the time of emptying the stomach. 

One may differentiate in this series two groups of children, (1) a 
values in stomach contents removed on differ- 


group with corresponding 
Examples of 


ent days, and (2) a group presenting marked variations. 
the first group are Nos. 35-37, 43-44, 68-71; of the second group Nos. 
12-15, 51-53, 72-77. As the children in this series cannot be strictly 
regarded as normal, 

of children who present frequent variations in their clinical symptoms, 
so the variations of gastric function observed in them may be regarded 
in the same light, as, for example, irregularities in the appetite and the 
weight curve. These variations refer only to ferment content, the acidity 
or (II), remaining essentially constant. On account of the physiological 
instability of infants it is advisable in a study of this kind to take the 
average in each case of several analyses made on different days. The 
mean values obtained in this way have been taken for comparison and 


regularly developing infants, but belong to a type 


are given in Tables 1 and 2. 

In the cases on 14 cream-milk, 1 to 4-months-old infants, Table 1, 
there is found a lipase content increasing with the age of the infants; 
there is no great variation in the rennet-pepsin values in these cases. 

In the older children, 4 to 12 months, on 24 milk, Table 2, the mean 
values for all ferments appear remarkably constant. Absolutely the fer- 
ment content is higher than in the first group. There may be a fallacy 


in comparing young infants on 14 milk with older infants on 24 milk, 
but the figures apparently show that the functional power of the stomach 
increases with the age of the infant. In this respect the findings in the 
albumin-milk cases, though too few to be conclusive, are very suggestive. 


Of nine analyses in five infants from 9 days to 2 months old on albumin- 
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milk, the values for rennet-pepsin were all less than 10; the mean value for 
lipase was only 23.6. This is in striking contrast to the figures for older 
children given in Table 2. These must not be regarded as pathological 
cases, as in Professor Finkelstein’s clinic, where this work was done, it is 
customary to give albumin-milk to normal young infants who cannot be 
given breast milk. These cases also suggest that the gastric juice is 
influenced more by the age of the child than by the composition of the 
food; for the percentage composition of albumin milk (protein 2.8-3.2 
per cent., fat 2.0-2.5 per cent.’®) is practically identical with the per- 
centage composition estimated for 24 milk (Table 2), so far, at least, as 
their principal constituents are concerned. This and other points which 
will be readily suggested must be determined by the study of a large 
number .of cases by many observers, using the routine which has been 


discussed in this paper and which seems to be the most satisfactory for 


the purpose that we have at the present time. 
CONCLUSIONS 

1. The determination of the hydrogen-ion concentration is the only 
rational method of measuring gastric acidity in infants. 

2. The hydrogen-ion concentration, (H) = 1x10", is the normal 
reaction of the stomach contents at the height of digestion for infants fed 
on 14 cream-milk and 2 milk. 

3. (H) =1.0x10° is the optimum reaction for rennet and gastric 
lipase; pepsin is inert at this reaction. 

4. 'The important processes in the gastric digestion of infants are the 
coagulation of milk by rennet and the splitting of fat by gastric lipase ; 
the peptic digestion of casein is unimportant for the infant. 

5. In infants from 1 to 4 months old fed on 14; cream-milk the lipase 
content increases with the age of the infant. 

6. In infants from 4 to 12 months old fed on 24 milk the content of 
all gastric ferments is greater than in infants from 1 to 4 months old 
on 14 cream-milk. 

I wish to express my thanks to Dr. H. Davidsohn for his assistance and guid- 
ance in carrying out this work, and to Prof, Finkelstein for permission to use 
the material of his clinic. 


1219 Connecticut Avenue. 


19. Pelka, H.: Arbeiten zum zehnjiihrigen Bestehen d. Kinderasylo d. Stadt, 
Berlin, 1911. 





NEUROSIS CHIEFLY AFFECTING THE STOMACH AND 
MUSCLES OF DEGLUTITION * 
A. ALEXANDER HOWELL, M.D. 
PHILADELPHIA, PA, 


The manifestation of a neurosis of such extreme grade and in many 
ways of such unusual character, as occurred in the case of the child 
herewith presented, seems well worth recording. 


Lewis G., aged 8, schoolboy, complains of vomiting and “water brash.” 

History.—Two or three times a week for the past month the child has been 
vomiting considerable quantities of sour material. This has occurred from one- 
half to one hour after meals. The filling of the mouth with water, the so-called 
water-brash has, on the other hand, taken place several times a day, but without 
especial reference to meals or other events. 

Medical advice is apparently sought, not because the child’s health or spirits 
are suffering, but because of the non-appearance of signs of improvement and 
the gradual development of a tendency toward an aggravation of symptoms at 
night. 

The child’s appetite has been good throughout and he has been free from symp- 
toms of indigestion other than those mentioned. The vomiting and ‘“water-brash” 
are said to oceur spontaneously and without warning. They are unassociated 
with any feeling of pain, discomfort or nausea. No pain, tenderness or distention 
has been noted anywhere in the abdomen. There has been no pain or weakness in 
the back. Vomiting has never been projectile. The bowels, contrary to the gen- 
eral rule, have been moderately constipated. 

For the past week the child has been suffering with a cold, attended by a 
marked catarrh of the bronchi and upper respiratory passages. The urinary func- 
tions are said to be performed normally, but on close questioning a somewhat 
decreased daily output and a deepening in color are found to have been of a week 
or ten days’ duration. 

There has been no derangement of a cardiovascular nature, the child continuing 
to lead an active and unusually athletic life for his years. Nervously, no depar- 
ture from the normal, which for him has always been that of a high-strung child, 
lavish of his nervous energies, has been noted with the exception of interrupted 
sleep. The attacks of vomiting and “water brash” are held accountable for this. 
For the past two years glasses have had to be worn and with these the child says 
he sees easily and clearly. Headache has never been present. Patient’s normal 
weight is 68 pounds; he now weighs 66. 

Previous Medical History.—The child was at first a breast, then a bottle baby, 
condensed milk, fresh milk and proprietary foods having been jointly used in his 
upbringing. While never a robust specimen he has always been considered as 
healthy and has escaped with the lesser children’s diseases. His digestion has 
not been looked on as easily overtaxed. He has, however, been considered as ner- 
vous and excitable. Not subject to coughs, colds or sore throat. 

Social History.—As the youngest of a family of boys, the patient has been 
pampered and allowed to do much as he pleased. This has applied especially 
to his eating, playing and time of retiring. He is a fast eater and chews poorly. 


* Read before the Pediatrie Society, Philadelphia, Pa. 
* Submitted for publication Feb. 7, 1914. 
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Family History.—tThe father is an intensely nervous, irritable and impatient 
man, 50 years of age, an arteriosclerotie with high blood-pressure, who smokes 
excessively and who formerly drank. Mother and three living brothers are 
normal. <A brother, the next in age to the patient, died four years ago of a 
general tuberculous infection. This had its origin in the mesenteric lymph-nodes, 
which were found to be tubercular at an operation for a supposed appendicitis, 
which preceded by some two weeks the child’s death. It is significant that the 
symptoms in this unfortunate instance were practically identical with those 
presented by our patient and in the light of this knowledge it is readily under- 
stood why the parents dwell with such concern on the outcome of this child’s 
illness. 

Physical Examination.—The physical examination because of its largely nega- 
tive findings will not be given in detail. Suflice it to say that sources of direct 
and reflex cause of the trouble were painstakingly sought. The findings which 
were felt to have a bearing were eyes of a considerable refractive error, adenoids 
of moderate size with a rather marked nasopharyngal catarrh and bronchitis; 
a rather full, tympanitic abdomen and exaggerated reflexes throughout. The 
tailure of this examination to reveal a satisfactory direct physical basis for the 
symptoms threw the weight of etiological proof on the laboratory and other spe- 
cial examinations in deciding between a direct gastro-intestinal cause, a more 
or less remote reflex one, or the presence of a neurosis. On examination the 
vomitus and stools showed some derangement of digestion in the presence of 
mucus, hyperacidity and evidences of retention in the former and a marked fer- 
mentation in the latter. No blood was found in either. 

The urine on several examinations was normal except for moderate increases 
in specific gravity and acidity. It did not contain albumin, sugar, indican or 
acetone. There were no casts. The daily output was but moderately decreased. 
The systolic blood-pressure was 110 mm. ‘the “water-brash” when collected 
alone contained no free hydrochloric acid, and except for some mucoid material, 
was practically free from sediment. This finding confirmed the belief that had 
been formed from observation, that the watery material did not come from the 
stomach. When seized with an attack patient would jump up, or if in bed rise 
to a sitting posture, the mouth would be opened as if to vomit and the tongue 
revealed drawn tightly backward and upward against the roof of the mouth. 
Sounds similar to vomiting, but obviously due to unsuccessful efforts to draw 
air inward past the obstructing tongue, would be made. Toward the latter part 
of the seizure the lips would become quite cyanotic; at this, relaxation in the 
throat and tongue would take place and several deep noisy inspirations follow. 
During the period of obstructed inspiration saliva dripped freely from the 
mouth, undoubtedly accounting for the so-called ‘‘water-brash.” 

The vomiting proper, in some instances at least, could be accounted for as 
follows: Almost invariably the first inspiration or two after an attack carried 
some of the plentiful saliva into the larynx and set up short coughing fits of 
varying intensity. On the oceasion of an extra severe coughing fit the child was 
seen to vomit a cup full of stomach contents much as a child with whooping- 
cough might have done. The eye grounds were examined and found to be normal. 
The eyes were refracted anew and a change of glasses made. Roentgen-ray exami- 
nation showed the stomach to be normal in shape, size and position, and an 
absence of ptoses, masses or obstruction in the intestines. The child grew pro- 
gressively worse. One month after he was first seen the spasmodic attacks had 
betome quite frequent during the day and at night were well-nigh omnipresent. 
The mother stated that with the exception of a couple of periods of one hour 
each, the child’s sleep was interrupted on an average of every ten minutes all 
night long. 

By this time the loss of weight was decidedly noticeable, having fallen as 
low as 62 pounds. The child’s strength and spirits had suffered proportionally. 
The nervous atmosphere surrounding the child had likewise grown worse and all 
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hope of cure at home had to be abandoned. Hospital treatment was now insisted 
on. The child spent three weeks in the hospital, and the outcome of treatment 
here, though no recourse was had to any but the simplest measures, was as pro- 
ductive of favorable results as the treatment at home had been of disappointing. 

The key note at the hospital was of course mental and physical rest and 
quiet. A period of low diet was, as soon as possible, followed by a period of 
over supply. Calls by even his parents were for the first two weeks allowed 
under the strictest surveillance as to frequency and duration. Experience had 
shown that very little could be expected from medication per se. 

After adjustment to the new surroundings, requiring three or four days, the 
spasmodic attacks began to decrease in frequency and severity. An initial fall 
to 58 pounds was followed by a steady gain in weight. During the latter part 
of his stay at the hospital the child was up all day long on full diet and receiv- 
ing members of the family morning and afternoon, and was entirely free from 
seizures. On reaching home, regularity and care in eating, with a daily two- 
hour rest period and a curtailment of amusement of an athletic nature, was 
insisted on. The hospital training here bore its fruit in that such instructions 
were conscientiously followed, whereas formerly it had been impossible to obtain 
more than ephemeral efforts to this end. 


In view of the above course of the illness, the nature of the attendant 
circumstances and the absence of any discoverable direct or reflex dis- 
order, which could adequately account for the trouble, one is forced, 
somewhat reluctantly, to be sure, to settle on the diagnosis of a neurosis. 
In this case the chief manifestation was spasm of the muscles of the 
throat and tongue, similar to, if not actually accompanied by, laryngo- 
spasm. The gastro-intestinal disorder, the eyes with high refractive 
error, the nasopharyngitis, the generally over-wrought nervous system 
must be considered as contributory rather than causative factors. 

The similarity of his own symptoms to those which in his brother's 
case had proven fatal must have made a tremendous impress, subcon- 
sciously at least, on the child’s mind, and undoubtedly played an impor- 
tant part in paving the way for such a full blown neurotic outburst. 

The point should be emphasized, in closing, that in this instance a 
condition which had become well-nigh hopeless at home, progressed to 


a speedy recovery when a change was made to suitable surroundings. 


1413 South Fifty-Eighth Street. 








PROGRESS IN PEDIATRICS 


REVIEW OF SYPHILIS WITH ESPECIAL RELATION TO 
HEREDITARY SYPHILIS 


HARVEY PARKER TOWLE, M.D. 
BOSTON 


The serum tests and the salvarsan and neosalvarsan therapy almost 
completely dominate the current literature on syphilis. The tremendous 
volume is probably, in part, due to the lack of restraint from too hastily 
“rushing into print” imposed by definite knowledge. Such articles as 
showed at least something of their plan of construction were selected for 
this review. Those giving no data to support their arguments were con- 
sidered as mere expressions of personal opinion and accordingly not 
suitable for our purpose. 

While, in practice, it is nearly impossible to consider the serum test 
or the salvarsan and neosalvarsan therapy apart from one another, it 
was thought that the trend of current thought would be shown more 
clearly if the two topics were reviewed independently, although it was 
realized that the decision made much repetition inevitable. Consequently, 
the serum test has been assigned to Part I, and salvarsan and neosalvarsan 
to Part II. In selecting material, it was made the rule that the chosen 
communication must bear on the question of Hereditary Syphilis. Other- 
wise, no distinction was drawn between acquired and hereditary syphilis, 
the reason being that the action of the spirochetes is the same, funda- 


mentally, in both forms of the disease. 


Part I—The Serum Test 

SPECIFICITY AND VAGARIES OF THE WASSERMANN TEST 
It is accepted to-day that, strictly speaking, the Wassermann test is 
not specific for syphilis. The record of non-syphilitic affections which 
have reacted more or less regularly to the Wassermann test has already 
grown to considerable length. Field*® now adds a report of 8 positive 
reactions in 12 cases of lead-poisoning. In 5, his most careful investiga- 
tion failed to discover another symptom, even slightly suspicious. Field’s 
explanation of the occurrence is that the toxic action of the lead produced 
reaction-causing bodies which were of the same nature as the positively 

reacting substances created in syphilis by spirochetal activity. 
The failure of the Wassermann test and its not infrequent inexplica- 
ble vagaries have led many to dispute its claim to invariable reliability. 
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In support, they point to such examples as the following: De Buys"® 
made 224 tests in 235 cases of hereditary syphilis and, whenever possible, 
tested the parents’ blood also. It is very significant that the father’s 
blood invariably gave the same reaction to the test as the blood of the 
mother. In nine children, the results were irregular and inexplicable. 
The serums of two were negative, notwithstanding positive tests in all 
four parents. On the other hand, four children were negative while their 
four mothers were positive. Three children gave positive results, yet 
their mothers were negative. One mother and one twin had negative 
sera, but the other twin was positive. With a demonstrated abundance 
of treponema present we expect a positive reaction. De Buys reports a 
negative W. R. in an 18-months-old child, although there were abundant 
spirochetes in the scrapings taken from the condylomata. De Buys 
believes that these various, unexpected results were probably due to faulty 
technic and were not to the discredit of the test itself. 


SOURCES OF ERROR 


The difficult technic of the Wassermann test is, admittedly, a constant 
menace to accurate results. The literature shows that the possibilities 
of errors originating from this source are not inconsiderable. Bailey’s* 
investigations, confirmed later by Dexter and Cumner,*! demonstrated 
that human serums occasionally contain a natural hemolytic substance, 
which, without artificial aid, is able to interfere with the reaction and, 
therefore, with its accuracy. They even think that the explanation of 
some of the inexplicable vagaries of the test is to be found in the 
unsuspected presence of this hemolytic substance. They conclude that 
no test can be considered scientifically accurate unless the presence or 
absence of this natural substance has been determined and appropriate 
measures taken to remove it. 

1. Influence of Medicaments on the Reaction.—According to King- 
Smith,®* we introduce a possible source of error if the blood for the serum 
test is taken within thirty-six to seventy-two hours after the administra- 
tion of salvarsan. Strathy and Bates'’ say that the W. R. is of little 
value if the serum is obtained within six months of the last mercurial 
treatment. 

Mayer*' reports that, in the test-tube, salvarsan, independently of its 
spirillicidal action, caused previously positive sera to be changed to 
negative. He found that injections of salvarsan produced a negative 
reaction in healthy rabbits (whose normal reaction is positive). He 
concluded also that salvarsan increases the hemolytic substances in the 
blood of healthy human beings. From these facts, he draws the final 
conclusion that a quantitative estimation of the W. R. is necessarily 
impossible. Lévy-Bing, Dogny and Duroeux™ state that salvarsan, 
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especially its primary injection, increases the resistance of the blood to 


hemolysis. 

2. The Antigen.—The possible sources of error resident in the use of 
imperfect and unstandardized reagents are obvious. Keidl and Hurwitz* 
decided that the results from syphilitic and non-syphilitic antigens are 
not equally reliable. The syphilitic is the more accurate in their opinion. 

3. The Operator and the Clinician.—The personality of the operator 
or his inadequate training may constitute a possible source of error. 
Therefore Kaplan® insists that the possibility shall be avoided by accept- 
ing only the results obtained by operators personally known to be com- 
petent. That the operator may fail to differentiate accurately between 
the delicate variations in the shades of the reaction is always a danger. 
Even more menacing, however, is the possibility that the attending physi- 
cian may fail to recognize that the clinical value of even an accurate 
laboratory report is not the same in every case but is, on the contrary, 
a variable quantity. 

THE NATURE OF THE SERUM REACTION 

A theory, widely held, is that the positive result of the serum test is 
due to certain substanc»s, probabiy endotoxins, elaborated by active spiro- 
chetes. Cook,** however, will not admit that endotoxins play any part in 
the production of the reaction. Meyer,*® studying the serum reaction 
from the view-point of drug effects, concluded that salvarsan is a spiro- 
chetal poison and that mercury aids the body tissues in their defensive 
action. Brown'® constructed a hypothetical explanation of the Wasser- 
mann reaction on the basis of his observations of the clinical results 
from salvarsan and from mercurial medication. With salvarsan, he says, 
both the clinical symptoms and the spirochetes in the lesions disappear 
sooner than the positive serum test. With mercury, on the contrary, the 
reaction is the first to disappear. Hence, Brown concludes, the positive 
Wassermann test is due to the products of spirochetal activity. By virtue 
of its spirillicidal action, salvarsan destroys the syphilitic agent but 
without affecting the reactivity of the products of previous spirochetal 
action. The test remains positive. Mercury, on the other hand, acts 
on the spirochetes indirectly only by first destroying their toxins and 
encouraging the tissues in their production of defensive substances. 
Therefore, the positive reaction and not the clinical signs is the first to 
disappear. 

Luetin.—The Noguchi luetin test throws a somewhat negative light 
on the nature of the bodies which produce the positive Wassermann 
reaction. Luetin is a substance obtained from pure cultures of several 
strains of spirochetes. Unlike the Wassermann test, which is most 
accurate in cases of florid syphilis, the luetin test is said to be most 
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reliable in the inactive forms of tertiary, latent and hereditary syph- 
ilis.“° Gradwohl*® says that, whereas the Wassermann reaction is depen- 
dent on the infectivity of the invading organisms, the luetin test is a 
phenomenon of anaphylaxis; of a sensitization of the tissues by the 
syphilitic virus. When the sensitizing agent disappears the luetin reaction 
must also disappear. Therefore, if the removal of a cause ever signifies 
a cure, the failure of the luetin test must indicate the cure of syphilis. 
Noguchi”® is so convinced of the reliability of his ]uetin test that he con- 
siders its failure to obtain a positive reaction a sure sign that syphilis 
does not exist. He states that the luetin reaction is probably caused by 
products elaborated during a past activity of the treponema. 
Cholesterin.—The addition of cholesterin to the antigen, Fordyce** 
reports, renders the Wassermann test more delicate and, consequently, 
more valuable. If the statement is subsequently approved, it will indicate 
that a lipoid substance is concerned in the production of the reaction. 
Thomas and Ivy, in The Journal of the A. M. A. for January 31, 1914 
(p. 56) advocate the abandonment of artificial antigens for routine 
clinical use. In the present state of our knowledge, they regard their 
addition as a step backward. They admit that the cholesterinized 
extracts may, undoubtedly, give a more delicate reaction, but find a 
criticism in the very fact. They say that these artificial antigens react 
not only to syphilis, but also to non-syphilitic diseases. This, for 
example, is shown by the 28 per cent. positive reactions occurring in 
cases of psoriasis reported by Schamberg and his associates. Thomas and 
Ivy urge a return to the original Wassermann technic, saying that it is 
“a very much less serious error to overlook an occasional case of syphilis 
than to saddle the diagnosis, with all its consequences, on a patient who 


has no syphilis.” . 
. SALVARSAN REACTION 


The “Salvarsan or Provocative Reaction” is a diagnostic method con- 


sisting of injections of salvarsan in negative, but suspected, cases in order 


to provoke a positive reaction. All do not agree with Ballenger and 


Elmer® that the provocative injection is especially useful in the diagnosis 
of cases of latent and obscure syphilis. The hypothesis underlying the 
method is, first, that endotoxins are the cause, or at least a cause, of 
the positive Wassermann reaction; second, that the bodies of the spiro- 
chetes contain positive-reaction-producing endotoxins; third, that salvar- 
san, by its spirillicidal action, destroys hitherto hidden or latent spiro- 
chetes and thereby liberates endotoxins which then react to the serum test. 
THE BLOOD AND THE REACTION 
We would seem justified in expecting to obtain much valuable infor- 


mation from cytology as to the identity of the substances causing the posi- 
tive reaction. Unfortunately, it has furnished many inferences but few 
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positive facts. For example, Fruhwald’s*® failure to inoculate animals 
by means of syphilitic blood was thought to indicate that the infectious 
agent does not circulate freely in the blood and that it therefore cannot 
be the direct cause of the reaction. Cook**® does not believe that the 
intensity of the reaction is in any way dependent on the number of 


spirochetes present. By the same method of argument, it would follow 
that, because Scholtz and Riebes'®® could find no salvarsan in the blood 
four to six hours after an intravenous injection, the substance, salvarsan, 
is not per se, the exciting cause of the reaction. The findings of Swift 
and Ellis!?® that, notwithstanding the failure to demonstrate salvarsan 
in the blood, the milk of salvarsan-treated mothers has a favorable influ- 
ence on nurslings, suggests that salvarsan produces curative substances 
which survive its own disappearance. King-Smith’s failure to derive the 
same satisfaction from this method of treating hereditary syphilis®* seems 
to indicate a less abundant supply of these salvarsan-products in his 
patients or else a more rapid elimination. 

Blood Count.—Uazen*™ has published carefully prepared tables of the 
results of 175 differential blood counts in 125 cases of syphilis, all made 
by the same person and with the same technic. The normal average 
syphilitic white count was about 7,500, of which 55 per cent. was of 
neutrophils and 35 per cent. of lymphocytes. Untreated secondary cases 
showed a slight leukocytosis, the neutrophils being increased both rela- 
tively and absolutely. The eosinophil count reached its highest point in 
cases in the secondary stage. ‘Treatment produced a slight decrease of 
eosinophils and a slight absolute, but marked relative, increase of lym- 
phocytes, in one case to 65 per cent. Hazen says that the high degree of 
lymphocytosis might persist for years or the count return to normal in 
from three to five months. In tertiary syphilis, the differential count was 
usually not far removed from the normal. There was rarely an increased 
leukocytosis. Myelocytes were seldom found, even when anemia coexisted. 
Treatment usually, but not invariably, caused a relative and an absolute 
increase of lymphocytes. Negroes gave a higher lymphocyte count than 
whites, although, in late syphilis, the differences grew less pronounced. 
The highest count was found in cases with the large papular eruptions. 
In negroes the average was 42 per cent. The age of the patient seemed 


he leukocyte count except that in the 


to have very little influence on t 
very young the tendency was toward a high neutrophil count and a 
relatively low percentage of lymphocytes. There was apparently little con- 
nection between the degree of the glandular enlargement and the number 
of lymphocytes. ‘The severe secondary cases yielded a higher total white 
count and a relatively and absolutely higher neutrophil count than the 
mild cases. All cases of secondary syphilis which did badly showed, 
before treatment, a high percentage of neutrophils and a low percentage 
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of lymphocytes. On the other hand, all cases with a low neutrophil but 
a high lymphocyte count did well. Late hereditary syphilis did not 
necessarily mean that the lymphocyte count was high. The existence of 
an eosinophilia was considered an argument against the diagnosis of 


syphilis. 

Cerebrospinal Serum Test.—The successes and failures of the original 
Wassermann blood-test have given rise to a number of other serological 
and microscopical diagnostic measures of which the serological and cyto- 
logical examination of the cerebrospinal fluid has proved itself the most 
reliable. The combination of the tests of the blood-serum with examina- 
tions of the cerebrospinal fluid is steadily growing in favor. 

Fordyce** advocates for diagnostic purposes the combination of the 
Wassermann test of the blood and the serological and microscopical 
examination of the spinal fluid. Jeanselme and Vernes** believe that the 
reaction of the cerebrospinal fluid is largely independent of the blood 
reaction and is an accurate index of the concentration of the energy of 
the disease on the nervous system. Ravaut’®* says that the meninges are 
involved in 67 per cent. of all cases of secondary syphilis, and, further- 
more, without exciting suspicion. When syphilis has invaded the canal, 
examination of the cerebrospinal fluid will disclose a lymphocytosis, the 
Wassermann test a positive reaction and the chemical tests an increase of 
albumen. Ball considers an increased globulin content and a lympho- 
cytosis of the cerebrospinal fluid as characteristic results of meningeal 
syphilis. Spiethoff'?* thinks that the Wassermann test of the cerebro- 
spinal fluid is more delicate than the blood-test. Browning and Lintz’* 
think that their results from injections of the patient’s own spinal fluid 
into the general circulation indicate that the tissues of the spinal canal 
are stimulated by the syphilitic process to the production of a limited 
amount of antibodies. Pinkus*® accounts for the positive W. R. after 
salvarsan by its action on accumulations of syphilitic substances in the 
nerve cells and ganglia. Lévy-Bing, Duroeux and Dogny™ apparently 
believe that the meninges are impenetrable from the general circulation. 
ither the blood or the cerebrospinal fluid may therefore develop inde- 
pendent symptoms. Swift and Ellis'’® state that, while the syphilitic 
agent may perhaps be able to penetrate the meninges from the general 
circulation, therapeutic substances are not. Lorenz,** however, reports a 
diminution of the lymphocytosis and of the globulin in the spinal fluid 
after intravenous injections of salvarsan. Ravaut'®* says that salvarsan 
treatment has increased the number of meningeal reactions in syphilis 
by 20 per cent. 

COLLES’ LAW IN THE LIGHT OF THE W. R. 

The Colles Law has been used as a standard of criticism ever since 
the introduction of the Wassermann test method. On the whole, the 
results with the serum test have been in accord with the general concep- 
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tion of the Law. Andronesco and Saratzeano® reported recently that the 
results of the W. R. prove that there are cases of hereditary syphilis with 
no visible symptoms and other cases of apparently healthy mothers of 
syphilitie children in which the reaction is the sole evidence of syphilis. 
In the latter event, the W. R. is stronger in the child than in the mother. 
Post’™ believes that the positive tests prove that these seemingly healthy 
mothers are themselves infected and should be treated accordingly. 


TRANSMISSION 

Marshall*® argues that the evidence does not justify the renunciation 
of the doctrine of the possibility of paternal transmission of syphilis 
without maternal infection. ‘The clinical facts, he says, positively sup- 
port the theory. The theoretical evidence does not disprove it. Carle?? 
confesses that he once thought that the mother played the chief réle in 
the transmission of syphilis. Now, he believes that the majority of cases 
of hereditary syphilis can be attributed to the father. Engman** denies 
the possibility of transmitting hereditary syphilis from the father with- 
out infection of the mother. De Aja? believes that transmission atten- 
uates the syphilitic virus. Andronesco and Saratzeano® state that the 
number of pregnancies has no influence on the intensity of the serum 
reaction. MachKee‘ reports two cases of inherited syphilis in which, 
contrary to the rule, the disease symptoms were of greater intensity in 
the second child than in the first. 

NATURE OF THE NEGATIVE SERUM REACTION 

Clinical and laboratory researches have enabled us to draw certain 
fairly definite inferences at least, if not conclusions, as to the nature of 
the positive serum reaction in syphilis but have failed to increase our 
understanding of the negative reaction to any extent. The almost com- 
plete ignorance of the real meaning of the negative test has caused 
current opinion to assume the rather curious attitude of denying any 
value whatever to the negative reaction; that is, to the non-positive result 
of the serum test, and of proclaiming in the same breath that the 


negative reaction is the goal of our therapeutic ambition. 


VALUE OF THE POSITIVE SERUM TEST 
It is notorious that different operators have often drawn different 
conclusions from tests of the same serum. Blackfan, Nicholson, Jr., and 
White say that too small series may lead to radically different conclusions. 
Last September they repeated the conditions of Churchill’s investiga- 
tions** in which he obtained a positive W. R. in thirty-nine of 101 


patients tested. They found but two in the same number of tests. (AM. 
Jour. Dis. CHILD., Sept., 1913, p. 162.) In the same issue, Dr. L. Emmet 


Holt wrote that “it is the consensus of opinion at present that latent as 
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well as active syphilis gives a positive response to the Wassermann test.” 
Further along in the article, Dr. Holt speaking of the value of the test, 
remarked that “Errors due to faulty technic must also be taken into 
account. ‘These are much more common and are almost always on the 
positive side, so that the children tested are pronounced syphilitic when 
they are not so.” Strathy and Campbell (Ibid., 187) report that all of 
their eighteen cases of hereditary syphilis improved clinically, but that 


the serum reaction became negative in only two. From their experience, 
they concluded that the younger the child, the more rapidly treatment 
influenced the serum reaction. 

Kochmheld® says that, while the W. R. may be a valuable clinical 
help, it is only one link in the chain of evidence and should never be 
accepted as the sole ground for diagnosis. Gradwohl®® does not consider 
the serum test an infallible diagnostic index. The clinical and serological 
tests of 1,050 cases of amentia gave such divergent results that Stoner 
and Kaiser’ ® think that the W. R. has little value, at least in that affec- 
tion. Miiller*® found the W. R. positive in two patients who had had no 
symptoms for two years. Churchill** believes that a positive reaction 
means syphilis without need of confirmation by other evidence. Never- 
theless, he is surprised at the large number of children with no other 
svmptom. Kaplan** feels that it is a grave mistake to make the W. R. 
the final court of appeal. Welde’s report'** that he found it very difficult 
to destroy the positive reaction of hereditary syphilis bears on the ques- 
tion. Post*®? believes that the unsupported evidence of the serum test 
is enough to justify the diagnosis of syphilis. Fordyce** says that unreli- 
able results with the serum test method do not accuse the test, but the 
accuracy of the technic. Because of his belief in its reliability, D’Amato* 
trusts the serum reaction to reveal the cause of sudden deafness. 
Barduzzi’® thinks that the W. R. is a great help, but must not be taken 
too seriously. Heidingsfeld®® believes in the accuracy of the reaction. 
Noguchi’® also believes that a positive test means syphilis. Reid] and 
Geyer’’® assert that the W. R. is the surest method of detecting syphilis. 
Objections, they say, are based on errors of technic and of judgment in 
interpreting the result. Carpenter** does not consider the W. R. as relia- 
ble in syphilis of the organs of special sense as in syphilitic disease else- 
where. 

THE POSITIVE TEST AND SPREAD OF SUSPICION 

One result of the clinical use of the serodiagnostic method has been 
to arouse suspicions of syphilis in unexpected quarters. A positive reac- 
tion convinced Biggs'* that a case of interstitial keratitis and sudden 
deafness was due to syphilis. On the unsupported evidence of the W. R., 
Campbell and Patch?° ascribed two cases of chorea to syphilis. For the 
same reason, Davis*® made a diagnosis of congenital syphilis in the case 
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of a boy of 16 with a marked general adenopathy, considerable edema of 
the cheeks and eyelids, especially the right, destruction of the uvula and 
a part of the soft palate and a pronounced right-sided hydrocele. 
Flautau,*' discussing the etiology of two cases of chorea, says 
that, despite prevailing opinion, the connection of the disease with 
syphilis is established by the history, the W. R., and the results of treat- 
ment. Terzaghi'*? accepted as sufficient proof of its syphilitic origin the 
unconfirmed evidence of a positive W. R. in a case of alopecia areata in a 
10-months-old child. A history of lues in the mother, a positive reaction 
to the Wassermann test and a prompt response to “mixed treatment” 


caused Trimble’** to diagnose as congenital syphilis the case of a girl of 
5 in which there was swelling and pain in the left knee and in which the 
heel of one foot was so drawn up that only the ball of the foot was used 
in walking. Cure followed a treatment of one week. 


INCREASE IN OUR UNDERSTANDING 


Before leaving the subject of the serum reaction to take up the con- 
sideration of salvarsan and neosalvarsan in Part II, it is desired to 
present, for the sake of comparison, a few conclusions from a previous 
review of the serum test published in this Journal, September, 1912. 
The following abstracts are taken from the “recapitulation”: 


“The Wassermann reaction gives a positive guide in the presence of active 
cutaneous manifestations, but is not entirely convincing when the cutaneous 
symptoms are dubious or lacking.” “The Wassermann reaction is not specific 
for syphilis.” “The technie is so exceedingly difficult and the sources of error 
so numerous as to render acceptance of results reported dependent on the quali- 
fications possessed by the maker of the test. . . . The negative reaction has 
no diagnostie value.” ‘The same laws govern the behavior of the Wassermann 
reaction in congenital syphilis as in acquired syphilis.” “The Wassermann reac- 
tion is to be regarded as neither more nor less than a symptom. . . . It is 
not the period of the disease on which the occurrence of the complement fixation 
depends, but on the activity of the invading parasite.” “A negative Wasser- 
mann test is of no value in prognosis. Apparently the persistence of the posi- 
tive reaction, under certain conditions, has no more value than the negative, as 
was shown in the discussion of the relation of the test to marriage.” “Although 
the aim, from a therapeutic point of view, is to convert a positive reaction into 
a negative, so far as the Wassermann reaction is concerned we cannot say 
whether the invading spirochetes have actually been conquered or only tempor- 
arily paralyzed. In short, our understanding of the inner meaning of the Wasser- 
mann reaction is incomplete and practically limited to the positive phase of 
the subject. Put our knowledge of even the positive phase lacks perfection.” 


(To be continued.) 
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